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PREFACE 


The  fifth  edition  of  this  book,  and  the  largest  yet  issued, 
having  been  absorbed  in  a  shorter  space  of  time  than  any 
former  edition,  is  an  evidence  of  the  increasing  demand 
for  volumetric  methods  of  analysis,  mid  due,  most  likely, 
to  the  necessity  for  shorter  technical  methods  in  connexion 
with  manufacturing  processes  of  various  kinds. 

The  present  book  is  enlarged  by  about  fifty  pages  of  new 
matter,  with  twelve  new  illustrations,  comprising  fuller 
of  the  indicators  used  in  saturation  analyses 
mid  additions  to  methods  of  titration  in  almost  every 
section.  There  is  also  added  a  table  of  co-efficients  and 
logarithms  for  use  in  volumetric  analyses,  taken  partly 
from  some  of  the  earlier  editions  of  Mohr's  Titrirmcthorfc, 
from  Dr.  W.  H.  Ince's  tables  published  in  the  Anatytt, 
and  from  Mr.  A.  E.  Johnson's  valuable  Analyzes 
Lab  m,  issued  by  Messrs.  J.  &  A.  Churchill. 

Professor  McLeod  has  kindly  furnished  me  with  revised 

and  corrected  tables  of  logarithms  required  in  the  analysis 

of  gasos  supplementary  to  his  original  article,  and  which 

are  now  inserted  at  the  end  of  the  book,  as  was  the  case  in 

second  edition.     I  shall  be  happy  to  supply  separate 
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copies  of  these  tables  for  laboratory  use,  and  also  those 
required  for  Frankland's  and  Armstrong's  method  of 
water  analysis,  to  any  one  who  desires  them,  on  receipt  of 
address. 

I  am  indebted  to  Mr.  J.  Lunt,  B.Sc,  for  a  condensed 
report  on  Schiitzenberger's  method  of  estimating  oxygen 
in  waters,  etc.,  worked  out  by  Sir  Henry  Eoscoe  and 
himself,  as  shown  in  §  68.  Professor  F.  F.  Bedson  has 
also  kindly  sent  me  photographs  of  his  modified  gas 
pipettes  (see  fig.  94);  and  last,  but  not  least,  I  am 
indebted  to  my  friend  Mr.  W.  Thorp,  B.Sc,  for  his  kind 
supervision  of  the  proof  sheets,  and  for  valuable  suggestions 
throughout  the  entire  book. 

FRANCIS  SUTTON. 

Norwich, 

October,  1890. 
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Abbreviations  and   Explanations. 

The    formuhe    mo    constructed    on    the    busi-    II      I.       0      Ifi. 
H*0=18. 

Tlie  normal  lempemurv  Got  the  -reparation  and  use  of  standard 
.solutions  is  16°  C,  or  about  60"  Fahr. 

denotes  cubic  o 

gni»      »      gram«16'432S8  grains  English. 

gnu      „       grain. 

ilin.       M       decern  =  10  fluid  grains  at  16    ('. 

1  liters  1000..  cut  16*  C. 

=  1  gni.  tliatiiletl  water  at  lf>    ( 
1  dm.  =  10  gnu  ,,  „ 

Distilled  water  is  to  he  used  ill   nil  the  processes,  unless  other- 


inal  Solutions  are  those  which  Contain  one  gram  atom  of 
reagent  (taken  as  mom -basic),  or  an  equivalent  in  Bomo  active 
constiUivul  ('.//.  oxygen)  in  Hie  liter  (see  pag 

Decinorninl  Bolul  ions  are  one-tenth  of  that  strength  =  "^ 

tinormal,  one  hundredth  -  T^. 

Empirical  Standard  Solution  un  no 

exact  atomic  proportion  >>f  reagent,  but  arc  constructed  generally  so 
that  1  cc.  =0*01  gm.  (ono  centigram)  of  the  substance  sought. 

Titrated  Solution  (from  the   French  word  txi 
i  denotes  a  solution  whose  strength  or  chemical  power  bai 
lately  found  by  experiment. 

a  a  chemical  substance  or  solution  is  directed  to  Ik;  litraietl* 
the  meaning  is,  thai  it  id  to  ha  quantitatively  tested  for  the  amount 
■  f  pure  substance  it  eon  twin-*  by   the   help  of  standard  or  titrated 
us.     The  term  is  used  in  pi  ted  or  aruti 

-ions  may  relate  equall)   to  qualitative  and 
.   whereas   titrations  can  only   apply  to 
amination. 

./.  r  s,  ;  of  the  '  Society  (Txaoaacttoni 

only  l 

■'   C.  I.    „      Journal  of  the  Society  of  Chemical  Industry. 
'/..  m.  C.        „      Zeiteclirifl  fun  Analytiache  ('hemic. 
( .'hemical  News. 
r  lnxik-references  are  given  in  full. 


EBBATA    AND    ADDENDA. 


Page  108.    Line  12  from  top,  substitute  for  the  words  "  new  gasvohuneter  " 
"  modified  nitrometer." 

Page  180.    The  figure  should  be  numbered  82  instead  of  80. 

Page  153.    Line  12  from  top,  read  "modified  nitrometer"  for  "new  gas- 
volumeter." 

Page  332.    Line  16  from  top,  the  words  "and  water"  should  be  omitted. 

Page  332.    Line  20,  after  the  words  "one  hour,"  insert,  "the  digestion  may 
be  carried  on  without  heating  with  practically  the  same  results." 

Page  332.    Line  25,  add  "  or  1  port  of  pure  zinc  should  theoretically  liberate 
0*7799  part  of  iodine." 

Page  354.    Lino  10  from  top,  instead  of  the  words  "  one  place  "  read  "  two 
places." 


VOLUMETRIC    ANALYSIS 

OF 

liquids  Axn  solids. 


I'AKT     I. 


GENERAL    PRINCIPLES. 


\ni  \i i\ i  iiy  weight,  01  gnvimetri 

hi  separating  .ait   tile  constituent*  of  any  uoni|HMnd,  either 

1  itu  or  in  tin    form  of  soi  ice  of  knows 

nitch   weighing  the  products,     Such  opera- 
froqnently  very  complicated,  and  occupy  a   long  time, 
leer  quiring  in  many  cases  elaborate  apparatus,  ami  thi 

rinil  expi  Hiintltal   knowledge.       Volunn 
ither  )iau<  ,  iul«',  quickly  performed  ;  in  <■■ 

i  .iptiM.-    nf    .■..:.  id    need 

ill*   of    tin-    method    consists   in   Hllb- 

titting   lip'   &ulwtauec    to   be  estimated    to   certain   characteristic 

i        f»n    sue))    reactions    solutions    of    known 

l    from   the  loIniiR'  nf  solution   necessary  for  the  pn> 

ell  reaction,  determining  the  weight  of  tin-  sul  ■ 

1  mal     I     i_>  aid  nf  the  known  lnws  of  chemical  equivalence. 

Volun  nrquuntitutivo chemical  Analysis  by  m.  r 

of  liquids  and  solids,  consequently  dejicnde  uim.ii   the 
•millions  f"t  iu  successful  practice  : — 
A  solution  "f  the  reagent  or  teat*  the  chemical  power  of 
itely  known,  called  the  "standard  aolutio 

from    which    portions   <-f   it,   tnaj    be 
tiled  the  "burette." 
[loaition  produced  1>\  tin-  teat  solution  with  any 
itself  i»i   by  an  indicator  he 
wWi/'/e  f><  fif  e;/e,  and   thereby    the 
nice  with  which   it   has  wnnh 

B 


2  VOLUMETRIC  ANALYSIS.  §    1. 

Suppose,  for  instance,  that  it  is  desirable  to  know  the  quantity  of 
pure  silver  contained  in  a  shilling.  The  coin  is  first  dissolved  in 
nitric  acid,  by  which  means  a  bluish  solution,  containing  silver, 
copper,  and  probably  other  metals,  is  obtained.  It  is  a  known  fact 
that  chlorine  combines  with  silver  in  the  presence  of  other  metals 
to  form  silver  chloride,  which  is  insoluble  in  nitric  acid.  The  pro- 
portions in  which  the  combination  takes  place  are  35*37  of  chlorine 
to  every  107'66  of  silver;  consequently,  if  astandard  solution  of  pure 
sodic  chloride  is  prejiared  by  dissolving  in  water  such  a  weight  of 
the  salt  as  will  be  equivalent  to  35*37  grains  of  chlorine  ( =  58*37 
grains  NaCl)  and  diluting  to  the  measure  of  1000  grains;  every 
single  grain  measure  of  this  solution  will  combine  with  6*10766  grain 
of  pure  silver  to  form  silver  chloride,  which  is  precipitated  to  the 
bottom  of  the  vessel  in  which  the  mixture  is  made.  In  the  process 
of  adding  the  salt  solution  to  the  silver,  drop  by  drop,  a  }M)int  is  at 
last  reached  when  the  precipitate  ceases  to  form.  Here  the  process 
must  stop.  On  looking  carefully  at  the  graduated  vessel  from 
which  the  standard  solution  has  been  used,  the  operator  sees  at 
once  the  number  of  grain  measures  which  has  been  necessary  to 
produce  the  complete  decomposition.  For  example,  sup]x>se  the 
quantity  used  was  520  grain  measures ;  all  that  is  necessary  to  be 
done  is  to  multiply  520  by  the  coefficient  for  each  grain  measure, 
viz.  0*10766,  which  shows  the  amount  of  pure  silver  present  to-be 
55*98  grains. 

This  method  of  determining  the  quantity  of  silver  in  any  given 
solution  occupies  scarcely  a  quarter  of  an  hour,  whereas  the  estimation 
by  weighing  could  not  be  done  in  half  a  day,  and  even  then  not  so 
accurately  as  by  the  volumetric  method.  It  must  be  understood 
that  then*  are  certain  necessary  precautions  in  conducting  the  above 
process  which  have  not  been  described  ;  those  will  be  found  in  their 
proper  place  ;  but  from  this  example  it  will  at  once  be  seen  that  the 
saving  of  time  and  trouble,  as  compared  with  the  older  methods  of 
analysis,  is  immense;  besides  which,  in  the  majority  of  instances 
in  which  it  can  be  applied,  it  is  equally  accurate,  and  in  many  cases 
much  more  so. 

The  only  conditions  on  which  the  volumetric  system  of  analysis 
are  to  be  carried  on  successfully  are,  that  the  greatest  care  is 
exercised  with  respect  to  the  graduation  of  the  measuring  instru- 
ments, the  strength  and  purity  of  the  standard  solutions,  and  the 
absence  of  other  matters  which  would  interfere  with  the  accurate 
estimation  of  the  particular  substance  sought. 

The  fundamental  distinction  between  gravimetric  and  volumetric 
analysis  is,  that  in  the  former  method,  the  substance  to  be 
estimated  must  be  completely  isolated  in  the  purest  possible  state 
or  combination,  necessitating  in  many  instances  very  patient  and 
discriminating  labour ;  whereas,  in  volumetric  processes,  such  com- 
plete separation  is  very  seldom  required,  the  processes  being  so 
contrived  as  to  admit  of  the  presence  of  half  a  dozen  or  more 
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or  three  heads.  Copper,  for  instance,  can  l>e  determined  residually 
by  potassic  permanganate  ;  it  can  also  be  determined  by  precipitation 
with  sodic  sulphide.  The  estimation  of  the  same  metal  by  potassic 
cyanide,  on  the  other  hand,  would  not  come  under  any  of  the 
heads. 

It  will  be  found,  therefore,  that  lilwjrties  have  been  taken  with  the 
arrangement ;  and  for  convenient  reference  all  analytical  processes 
applicable  to  a  given  body  are  included  under  its  name. 

It  may  l>c  a  matter  of  surprise  to  some  that  several  distinct 
volumetric  methods  for  one  and  the  same  substance  are  given ; 
but  a  little  consideration  will  show  that  in  many  instances  greater 
convenience,  and  also  accuracy,  may  Imj  gained  in  this  way.  The 
oj>erator  may  not  have  one  particular  reagent  at  command,  or  he 
may  have  to  deal  with  such  a  mixture  of  sukstance  as  to  preclude 
the  use  of  some  one  method ;  whereas  another  may  be  quite 
free  from  such  objection.  The  choice  in  such  cases  of  course 
requires  judgment,  and  it  is  of  the  greatest  im]>ortance  that  the 
operator  shall  be  acquainted  with  the  qualitative  composition  of  the 
matters  with  which  he  is  dealing,  and  that  he  should  ask  himself 
at  every  step  why  such  and  such  a  thing  is  done. 

It  will  be  ap]>arent  from  the  foregoing  description  of  the 
volumetric  system,  that  it  may  be  successfully  used,  in  many 
instances  by  those  who  have  never  been  thoroughly  trained  as 
analytical  chemists ;  but  we  can  never  look  for  the  scientific 
development  of  the  system  in  such  hands  as  these. 

In  the  preparation  of  this  work  an  endeavour  has  been  made  to 
describe  all  the  operations  and  chemical  reactions  as  simply  as 
possible,  purposely  avoiding  al>struse  mathematical  expressions, 
which,  though  they  may  be  more  consonant  with  the  modern  study 
of  chemical  science,  are  hardly  adapted  to  the  technical  operator. 
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rods,   ot      as    in    grnvimutaic   analysis;   above    .ill    he   must    be 
illy   familiar  with   pro]ier  methods  "f  Nitration,  was!.. 
,  and  llie  npplii  iition  of   heat 
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instance,  it  is  required  to  ascertain  the  purity  of  a  specimen  of  sodic 
carbonate,  and  only  pure  calcic  carlxwate  is  at  hand  to  use  as  a 
weight;  equal  weights  of  the  two  are  taken,  and  the  impure  speci- 
men titrated  with  acid.  To  arrive  at  the  required  answer,  it  is 
nec^88ary  to  find  a  coefficient  or  factor  by  which  to  convert  the 
number  of  c.c,  required  by  the  sixlie  carbonate,  weighed  on  the  calcic, 
into  that  which  should  1m;  required  if  weighed  on  the  sodic,  basis. 
A  consideration  of  the  relative  molecular  weights  of  the  two  bodies 
will  give  the  factor  thus — 

Calcic  carbonate  100 
Hodie  carbonate  106 

If,  therefore,  the  c.c.  used  are  multiplied  by  this  number,  the 
jKircentage  of  pure  sodic  carbonate  will  he  obtained.  The  method 
may  be  extended  to  a  number  of  substances,  on  tliis  principle,  with 
the  exercise  of  a  little  ingenuity. 

L.  dc  Koningh  lias  communicated  to  me  a  similar  method 
devised  by  himself  and  Peacock,  in  which  the  same  end  is 
attained  without  the  aid  of  a  pure  substance  as  standard,  thus : 
Say  a  specimen  of  impure  common  salt  is  to  l>e  examined,  a 
moderate  portion  is  put  on  the  balance  and  counterpoised  with 
silver  nitrate  ;  the  latter  is  then  dissolved  up  to  100  c.c.  and  placed 
in  a  burette.  The  salt  is  dissolved  in  water,  a  few  drops  of 
chromate  added  and  titrated  with  the  silver  solution,  of  which 
10  c.c.  is  required;  the  salt  is  therefore  equal  to  10  per  cent. 
of  its  weight  of  silver  nitrate,  then — 

1696  :  5837  :  :  10  =  3*44  %  NaCl 

Or,  in  the  case  of  an  impure  soda  ash,  an  equal  weight  of  oxalic 
acid  is  taken  and  made  up  to  100  c.c. ;  the  soda  requires,  say, 
50  c.c.  for  saturation,  or  50  per  cent.,  then — 

126  :  106  ::  50  -  42  %  Na2C03 

It  may  happen  that,  in  some  cases,  more  than  one  portion  of  the 
reagent  is  required  to  decompose  the  substance  tested,  and  to 
provide  against  this  two  or  more  lots  should  be  weighed  in  the 
first  instance. 

VOLUMETRIC    ANALYSIS   WITHOUT    BURETTES    OB 
OTHER    GRADUATED    INSTRUMENTS. 

§  4.  This  operation  consists  in  weighing  the  standard  solutions 
on  the  balance  instead  of  measuring  them.  The  influence  of 
variation  in  temperature  is,  of  course,  here  of  no  consequence.  The 
chief  requisite  is  a  delicate  flask,  fitted  with  a  tulw  and  blowing 
ball,  as  in  the  burette  fig.  7,  or  an  instrument  known  as 
Schuster's  alkalimeter  may  l>e  used.  A  special  burette  has  been 
devised  for  this  purpose  by  Casamajor  (O.  JV.  xxxv.  98).     The 
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It  may  be  obtained  in  a  great  many  forms,  under  the  names  of  their 
respective  inventors,  such  as  Mohr,  (Jay  Lussac,  Sinks,  etc., 
but  as  some  of  these  possess  a  decided  superiority  over  others,  it  is 
not  quite  a  matter  of  indifference  which  is  used,  and  therefore  a 
slight  description  of  them  may  not  be  out  of  place  here.  The 
burette,  with  india-rubl>er  tube  and  clip,  contrived  by  Mohr,  is 
shown  in  figs.  1  and  2,  and  with  stop-cock  in  fig.  3. 


Fi8-  3-  Fig.  4. 

The  advantages  possessed  by  this  form  of  instrument  arc, 
that  its  fixed  upright  position  enables  the  operator  at  once 
to  read  off  the  number  of  degrees  of  test  solution  used  for  any 
analysis.  The  quantity  of  fluid  to  be  delivered  can  be  regulated 
to  the  greatest  nicety  by  the  pressure,  of  the  thumb  and  finger 
on  the  spring  clip  or  by  the  tap ;  and  the  instrument  not  Wug 
held  iu  the  hand,  there  is  no  chance  of  increasing  the  bulk  of 
the  fluid  by  the  heat  of  the  body,  and  thus  leading  to  incorrect 
measurement,  as  is  the  case  with  Sinks'  or  Gay  Lussac's  form 
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elastic   tube   is  brought  over  ite  edge ;    the  pinch-cock  is  fixed 
midway ;  no  heat  can  then  reach  the  body  of  fluid  in  the  burette, 
since  there  can  l>c  no  conduction  past  the  pinch-cock.     If  this  plan 
is  not  adopted,  a  Gay  Lussac  or  ball  burette  should  be  used. 
Gay  Lussac's  burette,  shown  in  fig.  11,  should  have  a  wooden 


Fig.  10. 


Fig.  II. 


support  or  foot  into  which  it  may  be  inserted  (tig.  8),  so  as  to  be 
read  correctly.  By  using  it  in  the  following  manner,  its  natural 
disadvantages  may  be  overcome  to  a  great  extent.  Having  tixed 
the  burette  into  the  foot  securely,  and  tilled  it,  take  it  up  by  the 
foot  with  the  left  hand,  and  resting  the  upper  end  uj>on  the  edge 
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i  which  the  solution  t<  i    is  placed,  drop 

hi  the  burette,  meanwhile  stirring  the  contents 
r  with  a  gloss  rod  held  In  the  right  hand  ;  by  n  si 
■I  or  depression  of  tin*  left   hand,   the  flow  of  test   Liquid 
t'.l  until  the  fiul  n  tioi         pcured,  thus  avoiding 

bs  a\ hich  arise  bom  anient 

nn  upright  .mil  homimtnl  imaitiou. 


Fig.  12. 

tunes  called,  the  English  burette,  is  well 
ii.  Mm)  need  i n »t  be  described ;  it  Lb  tin    least  recomoiendable 
Kcept  for  very  rough  estimations, 

;  « i.iivi'iiii'iit  to  Ii    i    In  duated  to  contain  26 

.  and   LOO  "i*  1 10  cc.  in 

-up  b-coek  generally  used   in  Mohr's  burette   is  shown  in 

1  ind  ar-  now  generally  nickel-plated 

imi  ;  another  form  is  made  of  one  piece  of  steel 

hy  Hart;    tlic   wire   is    oftcued   by  heating  and 

it,   .is  shown  in  ti^.   \'J.     When  the  proper  shape  has 

lined,  the  clip  is  hardened  and  tempered  -■  an  bo  convert  it 

i     '  shown  in  fig,  12.     H  Qiaj  be 

wood,   Iimi'ii,  i»r   preferably,   of  Hat   glass  n«l.      The  li 
nail  pifce  of  «"ik,  "f  the  same  thicknec 
tulie   of    tlie    burette    when    pressed    close,    tdiouhl 
In   angles  of  tin  shown  in  tlie  engraving. 

kind  "I    pinch-cm  k   uiaj    In    in  iridi  d,  imd   ;■   ver) 
itained,  hy  simply  inserting  a  not  too  tightly  I 

I  into  the  clastic  tube,  between  the  end  of  the 
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burette  and  the  spit,  a  firm  squeeze  being  given  by  the  finger  and 
thumb  to  the  elastic  tube  surrounding  the  rod,  a  small  canal  is 
opened,  and  thus  the  liquid  escapes,  and  of  course  can  be  controlled 
by  the  operator  at  his  will  (see  fig.  13). 


50CC 


10OC 


Fig.  13. 


Fig.  14. 


THB    PIPETTE. 


§  6.  The  pipettes  used  in  volumetric  analysis  are  of  two  kinds, 
viz.,  those  which  deliver  one  certain  quantity  only,  and  those  which 
are  graduated  on  the  stem,  so  as  to  deliver  variouB  quantities  at  the 
discretion  of  the  analyst.  In  the  former  kind,  or  whole  pipette, 
the  graduation  may  be  either  that  in  which  the  fluid  is  suffered  to 
run  out  by  its  own  weight,  or  in  which  it  is  blown  out  by  the 
breath     The  best  form  is  that  in  winch  the  liquid  flows  out  by  its 
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but  in  thin  uttse  tin  npty  tln-m 

.  If,  huwcvvr,  tiir  lower  end  <>f  the  pipette  bo  touched 

tin-  surface  «<f  the  fluid 
1  lie  ftnw   is  I  bly,  and  in 

ruble  t*>  -*»i» 
the   wliul.  i    i 

inch,  bo  I  treasure  "i"   tin*  Bog      i 

tin*  flov  :ii  any  p 

■    upper  end  with 
■  the  Liquid  contain  volatile  or  other  highly 

■    tin'  iukI  I   completely 

tnnli   but   if    bo   the   uutaidi     liquid    must    lie   wiped   off 
tiring.      T.i  _:Hiii'i-  invariably  hud  n  difficulty  in  quickly 
In*  mark,  mid  stopping  the  Huid  ut  tin 
with  pure  water  is  the  only  method  of  nvr- 

twu  whole  pipettes,  nnr  of  small  and  tL 

tted  pijwtte  ut  medium  siae.     It 

uu'ml  that  tin  ited  throughout   the 

refiahle  instrument  for  actual  analysis,  owing  to  the 

sUrppiut;   111  1   liquid  at   an)    yivmi  |»-int,  and 

"tug   off    tl)--   nxact    moaauTeiuent,      li-   obi       oae    i*   in    the 

i  n  "i   tin*  strength  of  any  standard  solution 

THE    MEASUBINO    FLASKS, 

7.     Tursr  indis]  instru- 

.  capacities; 

i|    lolu. 

tl    volume,   ond   also 
ion  of  the  Buhstanci* 

it  the 
■'  i  11 -ground  glass 
'i    Linn 
\m  tin;  middle  id 
ts    to    ;ill<»\\     i-'i'iii    fur 
anient 
300,  500, 
■  I  graduated  to  contain 
i  iutitie.i.     It  required 
1  ln-v    milht 

Hid   liigbei    nui 
ined    by    wi  i^hiti^    into 
tin- 
ts ol   die- 
A   Liter  ii 
-r-   !■">.  Pig.    i;. 
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GRADUATED 


uf  liquids  contained  in  n  irrow  till* 
enrml,  in  uonaequcntJ   oj 

: 

a  dintim  i  level   iii 

U<   he    measured.       If,    ' 

i'Vit,  tin*  Ion  -f  the 

curve   i-   mi 
with   ,; 

ti 

■ 
■ 
Tin 
mat*  ruillv    in    n 
divisioiin    on    11 
tube  h 

l'     lnWtT    lllllf    of    win 

Mai  kem-d,    tin-     upper    re- 
maining whit<\     If  the  line  of  division  betwoon  tie 
white  Im  held  ftbonl  an  eighth  -it"  an  inch  below  tli 
liquid,  ami  the  aye  Drought  on  a  level  n  -  then 

can    I"     -'I*    by   transmittal   light,   Unuided   Im-Iow   hj 
defined  blnek  line.     A  cud  <>f  tins  kind,  sliding  up  and  down  I 
support,  is  .»f  great  use  in  verifying  the  graduation  of  the  Im 

or  piiwttee  with  a  cnthetnmcter.     Another  ^ 1  method 

i  use  a  piece  ->!"  mirror,  upon   which  tti 
two  strips  of  black  |wipt*i 
in  contact   with  the  burette  no  that   the  i ■■  ■ 
reflected  in  the  open  apart      The  burette  m  pipei 
BJled  «itli  water  at  the  propel  t*mpei  I  the 

contents  <»f  each  division  of  in  r .- .  eful 

off  with  the  < * ■  1 . — .  ..j..-  Mid   weighed. 
lid*   with   pipettes   tlu'V    iiiiihI    he   fixed   in  u   hi 
supjiort,  ami  have.  «•>  n    |"  i  «  ml  u  tightly  hi 

u  ith  u  pinch  cock.     The  ujx 
may  hen*  consult  with  advantage  the  d<  | 
ating   and    verifying    measuring   instrument* 
rtliah  desi  riU-d    in    I 'art   7.       [ 

tile    readings   of    burettes,    pipettes,    and    !l 
graduation 
with  tin-  level  «>f  the  opera         i  w. 

Erdmann's  Float.      This  Useful    Little  insli 

Mohr'fl    burette,   gives  tie-    moat  set-unite    rtmding    tluil 

■  il  ;  "i I  iwn  in  ti^.   17.  an-' 

n  thermomel  liown  in  fig.   1.     It  consists  of   m 
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bulb,  rather  smaller  in  diameter  than  the  burette  itself,  and 

(]  ut  thr  lower  end   with  11  glohuli*  °f    mercury,   like  ao 

$  'h.iuii  to  n  point  iU  the  uppei  end,  and  the 

inl  i-  benl  round  m  na  to  form  u  small  book,  by  moans  of  which 

•  •  lift*-.]  in  tint  out  of  the  burette  with  b  bont  wire;  a  line 

with  .'  dii ml  rouml  it-  middle  by  means  of  a  lathe, 

I  tin  \i  this  line  witli  the  graduati uua  of  the 

The  actual  height  <<i'  the 
[iiii)  in  the  burette  i-  not  regarded,  '  I  the  operator  \* 

tin   line  on  the  float,  op]>osit<  the  0  graduation  marie  on  the 
urtiolia]  dr.  i  Iways  maintained. 

I*  i-  essential  that  the  float 
should  move  up  and  down  in 
the  burette  without  wav< 
and  i  h  upon  it  Bhould 

always    be    homDcJ     to    t li<- 
graduations    >>t     the    bi 

value  of  this  float 
i.->  found  in  testis 
of  the  bun 

■  i  comparison  to  be  made 
betwti  'i  f  each  10  a.,  with 
very  slight  differences  in  weigh- 
big,  supposing  the  instrument 
correct  It  is  always 
well,  however,  to  bear  in  mind 
thai  absolute  acuuraej  cannot 
1m>  obtained  in  graduating  in- 
strun:  n  10  milii. 

tier  either  way  in  lo  c*g 

iely  be  disregarded. 

To  prevent  evaporation  and 

the  entrance  <>f  dual  in  Afolir's 

burette,  while  in  uae,  a  small 

beaker  or  wide  teal  tube  should 

be  drupptid  tiver  it-  oi  trice.     In 

burettes  containing  coustu  a] 

kalim  cork  with 

id   mi"'  should  be 

1  it"  the  sohttion  u  allowed 

■    in    them   for  any 

a  frig  0  isikfl 

,s-  it  is  necessary  to  have  graduated 

.  lindrii  al  form,  for  tlie  purpose  »>f  pre]  tndoxd 

,  iiinlcr  fur  this  puqiose,  generslly 
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Fllter  for  ascertaining  the  end-reaotion  in  certain  pro- 
owiai.  This  is  shown  in  fig.  19,  and  the  instrument  is 
known  as  Beale's  filter.  It  serves  well  for  taking  a  few 
drops  of  clear  solution  from  any  liquid  in  which  a  pre- 
cipitate will  not  settle  readily.  To  use  it,  a  piece  of  filter 
paper  is  tied  over  the  lower  end,  and  over  that  a  piece  of 
fine  muslin  to  keep  the  paper  from  Wing  broken.  When 
dipped  into  a  muddy  mixture,  the  clear  fluid  rises  and 
may  be  poured  out  of  the  little  spout  for  testing.  If  the 
process  in  hand  is  not  completed,  the  contents  are  washed 
back  to  the  bulk,  and  the  operation  repeated  as  often  as 
may  be  required.  Fig.  19. 

OK     THE     SYSTEM     OV     WEIGHTS     AND     MEASURES 
TO    BS    ADOPTED    IN    VOLTTMETBIO    ANALYSIS. 

§  9.  It  is  much  to  be  regretted  that  the  decimal  system  of 
weights  and  measures  used  on  the  Continent  is  not  universally 
adopted,  for  scientific  and  medicinal  purposes,  in  England.  It» 
great  advantage  is  its  uniformity  throughout.  The  uuit  of  weight 
is  the  gram  (  =  15*43235  grains  troy),  and  a  gram  of  distilled 
water  at  4"  C,  or  39*  Fahr.,  measures  exactly  a  cubic  centimeter. 
The  kilogram  contains  1000  grams,  the  liter  1000  cubic  centi- 
meters. 

It  may  not  bo  out  of  place  here  to  give  a  short  description  of  the 
origin  of  the  French  decimal  system,  now  used  exclusively  for 
scientific  purposes  in  that  country,  and  also  in  Prussia,  Austria, 
Holland,  Sweden,  Denmark,  Belgium,  and  Spain. 

The  commission  appointed  in  France  for  the  purpose  of  instituting 
a  decimal  system  of  weights  and  measures,  founded  their  standard 
on  the  length  of  the  meridian  arc  between  the  pole  and  equator, 
the  ten-millionth  part  of  which  was  called  the  miire  (  =  39*3710 
English  inches),  although  the  accuracy  of  this  measurement  has 
been  disputed.  It  would  have  been  preferable,  as  since  proposed, 
that  the  length  of  a  pendulum  vibrating  exactly  86,400  times  in 
twenty-four  hours,  or  one  second  for  each  vibration,  equivalent  to 
39*1372  English  inches,  should  have  been  taken  as  the  standard 
mtitre,  in  which  case  it  would  have  been  much  easier  to  verify  the 
standard  in  case  it  should  l>e  damaged  or  destroyed.  However,  the 
actual  metre  in  use  is  equal  to  39*371  inches,  and  from  this  standard 
its  multiples  and  subdivisions  all  proceed  decimally  >  its  one-tenth 
part  being  the  decimetre,  one-hundredth  the  centimMrc,  and  one- 
thousandth  the  initlimi'tre. 

In  accordance  with  this,  a  cube  of  distilled  water  at  its  greatest 
density,  viz.,  4°  C,  or  39°  Fahr.,  whose  side  measures  one  decimeter, 
has  exactly  the  weight  of  one  kilogram,  or  1000  grams,  and  occupies 
the  volume  of  one  liter,  or  1000  cubic  centimeters. 

This  simple  relationship  between  liquids  and  solids  is  of  great 
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metric  analysis,  ami  even  for  ordinary 
'  ;  fur  trrlnii".il  piirjioses  it  is  equally  as  applicable 
the   result  invariably   tabulated    in 

With  tin  i  e,   I   have  onlj    to 

lit   the   Fn inch  dccin  □   will  in-  mainly   used  throughout 

be  some  I  ■  i 

Willi 

,..(l. 
ated,  the  ti 
of  distilled  wii  ■:•  rt  density,  via,, 

■  ■  of  tempe  ffhicu  it 

i"  work  fi»r  mop*  than  u  month  <>r  two  in  the  vear,  it 
take  tli'-  temperature  of  16   C,  or  about  60    Fall 
i.l. ml ;  because   in   wintci    moat   lalwral 

ad   in  MumBer  tin-  same 

ilitirs  ought  not,  under  ordinary  etrmn  iave  ■  much 

■  .-f  hmit  than    Ifi    i '.      In  ord<  i  thai    the 

if    instrument*   mi    the    metrical    system    may   lie   as 

afnnn  ible   with    our   own    fluid    m  the    cubic 

liniilil  contain  one  gram  of  distilled  water  .it   1 

.  =   1  gm    :  i    ;    i   .  ■  i     ■  d  lixu  only 

■  1-998981 )  .it  thai  I  ml  for  com- 

tud  for  uniformity   witli  our  uwn 

i  to  make  the  e.c.  contain  a  at  16"  C. 

ice  is  one- thousandth  part     The  operator,  ■'■ 

uig  he  desires  t"  irraduuLe  his  own  measuring  Aasls, 

250,  500,  ur   luOO  grama  of  distilled  water 

itcd   the  use  -if  the  strict  liter 

[nation   of    instruments,    so   that    th<  v    shall    contain 

Ifi    ( '.      Moii  i1.  on   the  contrary,  use*  a   IU00  gni.,  at 

i  real  diffori  i  n  the 

huhuudredtli  part 

Ir  will  )h  tt  I  have  adv  addle  couxse  on 

■  :   (1)  TI  ments  it  u  much  i 

mud  uumliers,       !  ->i  1U  gm. 

thousands  uf  instruments  already  in 

t!i«'    iw"  ■  cannot  Well   !"■ 

ill  \r\\*'  a  !••-<  jirobuhle  amount 

the  rcsjfective  instruments  ;  and,  moreover,  the 

;i   tin-  litei    at    I     .uni   1*1"  Iw-iii^  nm  thousandth 

i-iin-iiifiit  for  the  exact  liter, 
which  plan  is  followed,  if  all  the  instruments  in 
^•t    coincide    with    curb    other;    hut    it    would    he 
our  of    tfohr's  burette     with  one  of 
-  can,  however,  \\  ii 
■    .  ■     ■ 
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smaller  graduated  instruments,  if  they  are  found  to  differ  to  any 
material  extent. 

Variations  of  Temperature. — In  the  preparation  of  standard 
solutions,  one  thing  must  especially  be  borne  in  mind;  namely, 
that  saline  substances  on  being  dissolved  in  water  have  a  consider- 
able effect  upon  the  volume  of  the  resulting  liquid.  The  same  is 
also  the  case;  in  mixing  solutions  of  various  salts  or  acids  with  each 
other  (see  Gerlach,  "  Specifische  Gewichte  der  Salzlbsungen ; " 
also  Gerlach,  "Sp.  Gewichte  von  wasserigen  Losungen,"  Z.  a.  C. 
viii.  245). 

In  the  case  of  strong  solutions,  the  condensation  in  volume  is  as 
a  rule  considerable  :  and,  therefore,  in  preparing  such  solutions  for 
volumetric  analysis,  or  in  diluting  such  solutions  to  a  given  volume 
for  the  purpose  of  removing  aliquot  jwrtions  subsequently  for 
examination,  sufficient  time  must  be  given  for  liquids  to  assume 
their  constant  volume  at  the  standard  temperature.  If  the  strength 
of  a  standard  solution  is  known  for  one  temperature,  the  strength 
corresponding  to  another  temperature  can  only  1)0  calculated  if  the 
rate  of  expansion  by  heat  of  the  liquid  is  known.  The  variation 
cannot  be  estimated  by  the  known  rule  of  expansion  in  distilled 
water;  for  Gerlach  has  shown  that  even  weak  solutions  of  acids 
and  salts  expand  far  more  than  water  for  certain  increments  of 
temperature.  The  rate  of  expansion  for  pure  water  is  known, 
and  may  be  used  for  the  purpose  of  verifying  the  graduation  of 
instruments,  where  extreme  accuracy  is  required.  The  following 
short  table  furnishes  the  data  for  correction. 

The  weight  of  1000  c.e.  of  water  at  f  C,  when  determined  by 
means  of  brass  weights  in  air  of  t°  C,  and  at  0-76  rn.nl.  pressure, 
is  equal  to  1000  -x  gm. 

Slight  variations  of  atmospheric  pressure  may  l>e  entirely 
disregarded. 
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3'39 

3-03 

3*88 

413 

4-39 

4-07 
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i 

x  is  the  quantity  to  be  subtracted  from  1000  to  obtain  the 
weight  of  1000  c.c.  of  water  at  the  temperature  t°.  Thus  at  20° 
2-74  must  be  deducted  from  1000  =  997-26. 

Bearing  the  foregoing  remarks  in  mind,  therefore,  the  safest  plan 
m  the  operations  of  volumetric  analysis,  so  far  as  measurement  is 
concerned,  is  to  use  solutions  as  dilute  as  possible.  Absolute 
accuracy  in  estimating  the  strength  of  standard  solutions  can  only 
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-  weight,  I  i  tin-  weight  of  the  solution  to  the 

i  pendent  of  temperature, 
VT,     xxxv.     160)    has    mode     use    <>f     the 
by  Mstthiessen  in  lii^  researches  on  the  exp 

,  .      .    ■  i  i 

■  indanl  solution  at  a  different 

■  inli/i'"]. 

The  i  different  tempenti 

i-  known  to  !»•  com  I  tempei 

I--  LOO  .      i  he  bo]  ruction  of  rohune,  tli 

known  »'\  |  if  each  e.c.  of  water  for  every  I 

pension  of  gloss  for  the  Barm   temperature, 
:  nol    necessary    here   t«<   reproduct     die    entire    paper   <>f 

but   thi    results  nr      hi    I      given   in   tin*   following 

uil  tempemturc  is  15   C  ;  and  the  figures  given  are  the 
notions  lielow,  and  expansions  above,  15   C. 
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-000040 

40  + 

rif  these  nmnhera  it  is  i  ulatc  the  volume  of 

I  C       responding  to  any  volume  observed  at  any 

It'  35  >  '"-'li  usee]  at  37    C,  the 

■  i    u.it.-i    iii    (Nissiny   from    16 

fore, by di  c,abj  l-OO 

'  tin'  i-uotieut  34*819  c.c,  which  represents  the  vnluuio 
16  corre«]Ktmliu^  to  35  c.c.  nl  37  ;  or  the  operation  can  be 
ipUfifd  by  obtaining  the  factor,  thus: 
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ily   construct*-*!    which    wuuld   slum    the 
t   temperature. 

i>  .is.-   u-rli-->   fnr  coiireutrub-d  solution*,  nich  aa 
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normal  alkalies  or  acids;  with  groat  variations  of  temperature 
these  solutions  should  be  used  by  weight. 

The  accurate  graduation  of  burettes  and  pipettes  can  only  be 
done  by  carefully  constructed  machines,  and  is,  therefore,  generally 
speaking,  beyond  the  compass  of  the  analyst  himself ;  nevertheless, 
they  should  be  carefully  tested  by  him  before  being  used,  as, 
unfortunately,  they  do  not  always  possess  the  accuracy  to  which 
they  pretend.  In  the  verification  of  Iwth  burettes  and  pipettes,  it 
is  only  necessary  to  allow  ten  cubic  centimeters  of  distilled  water 
to  flow  from  the  instrument  to  l>e  tested  into  a  dry  and  accurately 
tared  flask  or  beaker.  If  the  weight  at  16°  C,  or  60°  Fahr.,  is  10 
grams,  it  is  sufficient;  the  next  10  c.c.  may  be  tried  in  like 
manner,  and  so  on  until  the  entire  cajM&city  is  proved  ;  differences 
of  5  or  10  milligrams  may  be  disregarded.  Thorpe  (Quantit. 
Cfiem.  Anal.  p.  119)  attaches  the  burette  or  pipette  with  elastic 
tube  and  pinch-cock  to  a  balance,  and  thus  weighs  the  respective 
volumes  of  fluid  delivered. 

Graduated  flasks  are  extremely  serviceable  in  dividing  small 
quantities  of  substance  into  still  smaller  pro]x>rtional  parts. 
Suppose,  for  instance,  it  is  desired  to  take  the  tenth  part  of  a 
solution  for  the  purpose,  of  separating  any  single  constituent,  let 
it  be  put  into  a  200  c.c.  flask,  which  is  then  filled  to  the  mark 
with  water  or  other  appropriate  liquid,  and  well  shaken ;  20  c.c. 
taken  out  with  a  pipette  will  at  once  give  the  quantity  required. 

Instruments  graduated  on  the  Grain  System. — Burettes,  pipettes, 
and  flasks  may  also  be  graduated  in  grains,  in  which  case  it  is  best 
to  take;  10,000  grains  as  the  standard  of  measurement.  In  order 
to  lessen  the  number  of  figures  used  in  the  grain  system,  so  far 
as  liquid  measures  are  concerned,  1  propose  that  ten  fluid  grains  be 
called  a  decern,  or  for  shortness  dm. ;  this  term  corresponds  to  the 
cubic  centimeter,  bearing  the  same  proportion  to  the  10,000  grain 
measure  as  the  cubic  centimeter  does  to  the  liter,  namely,  the 
one-thousandth  part.  The  use  of  a  term  like  this  will  serve  to 
prevent  the  number  of  figures,  which  are  unavoidably  introduced 
by  the  use  of  a  small  unit  like  the  grain. 

Its  utility  is  principally  apparent  in  the  analysts  for  percentages, 
particulars  of  which  will  be  found  hereafter. 

The  1000  grain  burette  or  pipette  will  therefore  contain  100 
decerns,  the  10,000  gr.  measure  1000  dm.,  and  so  on. 

The  capacities  of  the  various  instruments  graduated  on  the  grain 
system  may  be  as  follows  : — 

"  Flasks  :  10000,  5000,  2500,  and  1000  grs.  -  1000,  500,  250,  and 
100  dm.  Burettes:  300  grs.  in  1-gr.  divisions,  for  very  delicate 
purposes  =  30  dm.  in  -^ ;  600  grs.  in  2-gr.  divisions,  or  \  dm. ; 
1100  grs.  in  5-gr.  divisions,  or  \  dm. ;  1100  grs.  in  10-gr.  divisions, 
or  1  dm.  The  burettes  are  graduated  above  the  500  or  1000  grs. 
in  order  to  allow  of  analysis  for  i>ercentages  by  the  residual  method. 
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'.  -".ft.  100,  200,  500,  and 

.  in    ).  <bu.  ;    !""■■ 
ilm, 

decimal  B) 
grains,   will    bear  in  mind    i.li.u    the 
i,   or  tin-  ".|.<.  imillfin  "  of  A  el  and  ATI 
,  ;   and   therefore   l>ear  the   saint!    relation    ■ 
rood  or  the 

■  |   |  ,-t  of  tobli 

.    lait  the  aiiah 

i  mi  ijilw  contain*  'l  in  this 

.....I. 


VOLUMETRIC  ANALYSIS  BASED  ON  THE  SYSTEM  OF 
CHEMICAL  EQUIVALENCE  AND  THE  PREPARATION 
OF    NORMAL    TITRATED    SOLUTIONS. 

Whkn  o  use,  tin 

aeJi  sulisUiicf  i 
.i.l   its  own   special  reagent  ;   ami    tin-   Htrengtli  "f    the 

as  t<»  give  tin    result   in   percentages. 
Ctmiequnitly,  ii  distinct   Oandard  acid  was  tweil   for 

third  for  ammonia,  and  so  on,  nei 

I     iif    standard    ftulutioi 

Griffin  and  1  re  appear  t<-  Lave  ' i  the  first  to  suggest  the  use 

:  bird  u*st  Kolutirin*  lmse<1  on  tip-  atomie  -■■.  atl  following 

<-,  Mohr  has  wi»rki*d  out  and  verified  many  method*"  of 

hic.li  arc  nl  due  to  all   win nceru  then 

iallv  teelmiejil   e.humUtry.      Not  unlj    ha* 
nl    in    addition    t"    it,   he    ha-    enriched    his 
itli    -■     '    ■■.  original   investigations,  and   improved  the 
"  such   an   extent,  that   lie   may  witli 

;  IhT  iif    tile    \  i'li', 

Normal  Solutions. —  It   is  of   gpl  fit    importance   that   DO  DUflCOBCep- 
wlmt   I-  Uieaut    hy  a  normal  Mutation  ;    l,ut  it 

mately  occur,   as   tatty   be   Been    by   reference    t«i  the 
■    M  uir's    translation    of    Plei  •■  I 
b  Alii  oil  1*1). 

thflt  one 
attain   i  be   bydrogeu  •  -i  tiivaleul  of  fch    i 
lam:*    (111).       Si-iiiin<'nii.il,    'lainiinorimd, 
■  uircd,  and 
"'   i  *n  whitiona.* 

It    km   mnr-h  to  bit  re^retni    tturi    th      t#nu    "normal."  onjruu-Uy  Uui«d   on   the 

■yWw,  Htiouii)   Don  be   u]>)>r<>prUt«d  by  tbos«  who  advocate  tb«»  two  of 

«mM  un  molecular  wvtKbta,  beoauae  it  out  only  kid*  to  ucafuaioti  botwawi 

twn    »yirt»i)  '  !#t    oonfUMHiii     l**t«*en    tin-   advocate*    of     the    clmum* 

I »  i  ■  i  iemiati  edition  of  hi*  JfnwiR«l  y*«  t he  molecular  ayaton 
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Iii  the  com*  of  univalent  substances,  such  as  silver,  iodine, 
hydrochloric  acid,  sodium,  etc.,  the  equivalent  and  the  atomic 
(or  in  the  case  of  salts,  molecular)  weights  are  identical ;  thus,  a 
normal  solution  of  hydrochloric  acid  must  contain  36 '37  grams  of 
the  acid  in  a  liter  of  fluid,  and  sodic  hydrate  40  grams.  In  the 
case  of  bivalent  substances,  such  as  lead,  calcium,  oxalic  acid, 
sulphurous  acid,  earl>onates,  etc.,  the  equivalent  is  one-half  of  the 
atomic  (or  in  the  case  of  salts,  molecular)  weight  j  thus,  a  normal 
solution  of  oxalic  acid  would  be  made  by  dissolving  63  grams  of 
the  crystallized  acid  in  distilled  water,  and  diluting  the  liquid  to 
the  measure  of  one  liter. 

Further,  in  the  case  of  trivalent  sul>staiiee8,  such  as  phosphoric 
acid,  a  normal  solution  of  sodic  phosphate  would  be  made  by 
weighing  ^-  =  1 1 9*3  grams  of  the  salt,  dissolving  in  distilled  water, 
and  diluting  to  the  measure  of  one  liter. 

One  ini]K)i'tant  point,  however,  must  not  l>e  forgotten,  namely, 
that  in  preparing  solutions  for  volumetric  analysis  the  value  of  a 
reagent  as  expressed  by  its  equivalent  hydrogen-weight  must  not 
always  be  regarded,  but  rather  its  particular  reaction  in  any  given 
analysis ;  for  instance,  tin  is  a  quadrivalent  metal,  but  when 
using  stannous  chloride  as  a  reducing  agent  in  the  analysis  of 
iron,  the  half,  and  not  the  fourth,  of  its  molecular  weight  is 
required,  us  is  shown  by  the  equation  Fe2  CI6  +  Sn  CI2  =  2  Fe  CI* 
+  SnCK 

In  the  same  manner  with  a  solution  of  potassic  permanganate 
Mn  KO4  when  used  as  an  oxidizing  agent,  it  is  the  available  oxygen 
which  has  to  he  taken  into  account,  and  hence  in  constructing  a 
normal  solution  one-fifth  of  its  molecular  weight  ±|ii  =  31"6 
grams  must  be  contained  in  the  liter. 

Other  instances  of  a  like  kind  occur,  the  details  of  which  will 
be  given  in  the  proper  place. 

is  advocated,  but,  as  the  old  atomic  weights  are  used,  the  solutions  are  really,  in  the 
main,  of  the  same  strength  as  those  based  on  the  equivalent  system.  Pattinson 
Muir,  however,  in  his  translation,  has  thought  proper  to  use  modern  atomic  weights, 
and  the  curious  result  seems  that  one  is  directed  to  prepare  a  normal  solution  of 
caustic  potash  with  39*1  grams  K.  to  the  liter,  while  a  normal  potassic  carbonate  is 
to  contain  138*2  grams  K-CO3.  or  78'2  grams  K,  in  the  same  volume  of  solution. 
Again,  Muter,  in  his  Manual  of  Analytical  Chemistry,  defines  a  normal  solution  as 
having  one  molecular  weight  of  the  reagent  in  grams  per  liter :  then  follows  the 
glaring  inconsistency,  among  others,  of  directing  that  a  decinonnal  solution  of  iodine 
should  contain  127  grams  of  I  per  liter,  whereas,  if  it  was  strictly  made  according 
to  the  original  definition,  it  should  contain  25*4  grams  in  the  liter. 

If  the  unit  H  be  adopted  as  the  basis  or  standard,  everything  is  simplified,  and 
actual  normal  solutions  may  be  made  and  used ;  but,  on  the  molecular  system,  this 
is,  in  many  cases,  not  only  -inadvisable  but  impossible,  besides  leading  to  ridiculous 
inconsistencies.  As  Allen  points  out  in  the  reference  above,  it  is,  to  say  the  least 
of  it,  highly  inconvenient  that  the  nomenclature  of  a  standard  solution  should  be 
capable  of  two  interpretations.  I  have  given  the  term  systematic  to  this  handbook, 
and  I  maintain  that  the  equivalent  system  used  is  the  only  systematic  and  consistent 
one;  it  was  adopted  originally  by  Mohr,  followed  by  Fresenins,  and  continued 
by  Classen  in  the  new  edition  of  Mohr'i  Tttrirmethode.  Allen  himself  has 
unhesitatingly  preferred  to  use  it  in  his  Organic  Analysis,  and  these,  together  with 
this  treatise,  being  all  text-books  having  a  wide  circulation,  ought  to  settle  definitely 
the  meaning  of  the  term  normal  as  applied  to  systematic  standard  solutions.  Anyhow, 
it  is  to  be  hoped  that  those  who  communicate  processes  to  the  chemical  journals,  or 
abstracters  of  foreign  articles  for  publication,  will  take  care  to  distinguish  between 
the  conflicting  systems. 


§  i<>. 


■  MATIC  SOLUTIONS. 


2r> 


ttion   ma)    he   ^i\«'u    in   order  to   show   the 
it  luting  tin  of  iln's  kind  "f  analysis. 

intt"ji  will  contain  | ,,,',,,,  "i   tin*  atomic 
l  0107(50    -i  ,  ,    and    will    ex 1.  tlv 
■  •uii''  weight  "t  chlorine » 0*003537  gm.  from  any 
Idoridc. 
1  i  tin  case  nf  normal  oxalic  add  each  cc,  will  contoiii  - n'^nx  °^ 
nr  weight  "|  the  acioN  0*063  gm.,  and  will  neuti 
the   molecular   weight    of   sodic   monooarbonate^  0*083 
ii    will    combine    villi    ._.  „',,,,    of    1 1  *  *  -   utoruic    weight   of   a 

lead  — 0*1032  gra.,  or   will   exact 
t  the  molecular  weight  "f  sodic  hydrate  ,  and 

ie  1000  gra  'i 

:  oxalic  acid  would  be  used  for  the  normal 

dm*  is  too  small  .i  quantity  to  inak' 
grains,  and   makeup  the  solution   to    I 
0  dm.     The  solution  would  then  have  exactly 
lmI  "ii  tin-  liter  system,  aa  it  is  pro- 
purtionuteh  In  chemical  power;  and  either  solution  may 

luated  on  eithei  scale, 
■_l  in  uiiud  thai  ''1  with  a  cc,  1 

lie   weigh**!  on   the  gran  ,  unless    it 

H.-d  to  calculate  one  j-> ^t«  in  "t    weight*  into  the  other. 

if  tlii-   equivalent   system   is,   that   the 
ilculatuni   in   any  analyst 
olutioiiK     i  .'i.-i-    with    each   other,   volume    for 
We  ha vi   hitherto,  however,  Looked  only  at  one  sideol  its 
!        ■     luiicul   purpose**   the   plan   allows   the 

itrength,  mid  simply  varies  the  amount 

-;'■'!   lc I  equivalent  wei 

normal  dilutions  say,  an* 

Crystallized  oxalic  acid 

Sulphuric  acid 

Hydrochloric  acid 

Nitric  acid 

Anhydrous  sodic  carbonate 

Sodic  hydrate 

Ammonia 


-63  gm.  per  liter. 

--49  gm. 

=  36.37  gm.  ., 

-63  gm.        „ 

=  53  gm.        „ 

-  40  gm. 

=  17  gm. 


1""  oue  "f  these  norma]  acids  should  exactly  neutralise 

of  ;iu\  of  the  normal  alkalieH,  or  the  correal  tonding  an 

it  which   the   I'111  cc  eontuin.      In  commerce  we 
imtiuuidh  meet  with  snlisutneeii  used   in   man 
it  en  •■>  t"  know  how  much   [Hire  rob 

iiti, 

,  refined  -..1  i  It" 

1  !  gm.  of  it  bhould  require  exactly  100  cc. 
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of  any  normal  acid  to  saturate  it.  If  we  therefore  weigh  that 
quantity,  dissolve  it  in  water,  and  deliver  into  the  mixture  the 
normal  aeid  from  a  burette,  the  number  of  cc.  required  to  saturate 
it  will  show  the  percentage  of  pure  sodic  carbonate  in  the  sample. 
Supjx>se  90  cc.  are  required  =  90  %. 

Again — a  manufacturer  buys  common  oil  of  vitriol,  and  requires 
to  know  the  exact  percentage  of  pure  hydrated  acid  in  it ;  4*9  grams 
are  weighed,  diluted  with  water,  and  normal  alkali  delivered  in 
from  a  burette  till  saturated ;  the  number  of  cc  used  will  }>e  the 
percentage  of  real  acid.     Suppose  58*5  cc.  are  required  =  58*5  %. 

On  the  grain  system,  in  the  same  way,  53  grains  of  the  sample  of 
soda  ash  would  require  90  dm.  of  normal  acid,  also  equid  to  90  %. 

Or,  suppose  the  analyst  desires  to  know  the  equivalent  percentage 
of  dry  caustic  soda,  free  and  combined,  contained  in  the  above 
sample  of  acxhi  ash,  without  calculating  it  from  the  carbonate  found 
as  alwve,  3*1  gm.  is  treated  as  before,  and  the  number  of  cc 
required  is  the  percentage  of  sodic  oxide.  In  the  same  sample 
52 '6  cc.  woidd  be  required »  52*6  per  cent  of  sodic  oxide,  or  90 
}>er  cent,  of  sodic  carbonate. 

Method  for  percentage  of  Parity  in  Commercial  Substanoee. — The 
rales,  therefore,  for  obtaining  the  percentage  of  pure  substance  in 
any  commercial  article,  such  as  alkalies,  acids,  and  various  salts, 
by  means  of  systematic  normal  solutions  such  as  have  been 
described  are  these — 

1.  With  normal  solutions  ^  or  ■£$  (according  to  its  atomicity) 
of  the  molecular  weight  in  grams  of  the  substance  to  be  analyzed 
is  to  be  weighed  for  titration,  and  the  numl>er  of  cc  required  to 
produce  the  desired  reaction  is  the  percentage  of  the  substance 
whose  atomic  weight  has  been  used. 

"With  deeinormal  solutions  yj^  or  tj-J^  of  the  molecular  weight 
in  grams  is  taken,  and  the  number  of  cc  required  will,  in  like 
maimer,  give  the  percentage. 

Where  the  grain  system  is  used  it  will  lie  necessary,  in  the  case 
of  titrating  with  a  normal  solution,  to  weigh  the  whole  or  half  the 
molecular  weight  of  the  substance  in  grains,  and  the  number  of 
decerns  required  will  be  the  percentage. 

With  deeinormal  solutions,  •£$  or  s*ff  of  the  molecular  weight  in 
grains  is  taken,  and  the  number  of  decerns  will  be  the  percentage. 

It  now  only  remains  to  say,  with  respect  to  the  system  of  weights 
and  measures  to  be  used,  that  the  analyst  is  at  liberty  to  choose  his 
own  plan.  Both  systems  are  susceptible  of  equal  accuracy,  and  he 
must  study  his  own  convenience  as  to  which  he  will  adopt.  The 
normal  solutions  prej>ared  on  the  gram  system  are  equally  applicable 
for  that  of  the  grain,  and  we  tww/,  so  that  there  is  no  necessity 
for  having  distinct  solutions  for  each  system. 

Factors,  or  Coefficients,  for  the  Calculation  of  Analyses. — It 
frequently  occurs  that  from  the  nature  of  the  substance,  or  from 
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dently 

ij»jh»>..-  the  "|. 

gtfj  "f 
'  weighed  or  measured  quantity  "f  it 
rl  burette  and  exactly  saturated,   ; 

follows: — 

■    hydrate   '  i  Mio  <■.< .  oj 

i  r»  gm<  ;  tin  •■  ■   ■ 

5-6 

.     .QQ  i.  Kilo. 

Tie  i  lv   tin- 

:  d  in  any  analysis,  by  the 

..-^  if  bivalent)  of  the  molecular  weight  -»f  the  sub 

the  amount  <>f  subs!  -it. 

iplp   ni;i\    lw  given— 1   giu.  of  marble  or  limestone  i« 

taken    lar  (In*  estimation  of    pun-   calcic  carbonate,  and  exactly 

'  ird  nitric  or  hydrochloriw  said — (sulphuric  or 

.  not    iKhiiissil.li  )    I  7  5  r  .i  .    imj    required, 

Ue    ,„VmT   ol     the   nolo  ght    "I 

.    :i!nl    Pfl    1    L'l:  e    •  nlv    WM 

arbonate. 

Pre««rv»tion  of  Solution!.-  There  ore  ted  solutions  widen,  in 

theii    pruiii'in-ss  to  decomposition,  cannot  I**  kept 

ogth  for  a  length  of  time  .  consequently  they 

i  on  t--.i,  before  bang  used*     Btamiotu 

chloride   and    sulphurous   acids  are    cx&tnpl'  I    solutions. 

devised   for  keeph  i  hi.-   to 

Ln*ngth  l»y  access  "f  m,  as  s<hown  in  &cs.  SO  nod  21. 

-■(.iiilly  applicable  to  caustic  alkaline  solutions,  the 
ig  tlunugh  the  caoutchouc  stoppei   being  filled  with  dry 
i  'i  >1. 
I;.-,]    by   Mohr,    is    :i    considerable    imp 

te  Iteing    tilled   with  t lit- 
1 1«  1  without   any  aco 
-.-1  .  an    b   used   foi  i  kusttc  alkali) 
chloride,  permanganate,  and  sulphurous  acids,  or  any  other 
Liable  to  ninlii  rbing  oxygen.     The  corks 

ked   in  melted   nuraftine ;  or,  -:ill  better,  may  be 
,    unl  B  tliin   lay<r  ..f  rei 
mi   the  top  of  the  solution,  where,  of   c.o 
nar    t"    its    low  specific   gravity,    i*    always  floats,    placanj 

nable  division    ln-two-n   the    * ii    and   the  solution  ;  and   as 
.vU'u  li   should   always  be  as   purs  as  possible)   is  not 
I  l.v  in  their  dibit  this  form  offers 

rms   noi   nil.',  te<l   chemic  ■ 
he  kept  in  1h.u1.-s,  tin  corks  oi 
rli.st'd,  ami   tied   over  with   india-rubber  oi 
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bladder  (<■  prevent  evaporation,  and   should    farth 
shaken  before  ass,  in  caee  they  am  uotojiito  full,     Thi 

upon  some  soli  iletritnentnJ  i 


ehetuicol  stability ;  benoo  il  Is  advianhln  in  pmsrri  lotions 

not    in   Lmmediats   use   in   the  dark,  ami   at  n   teinp 
eding  15  oz  1  Ti   i '. 


ON    THE    DIRECT    AND    INDIRECT    PROCESSES    OF 
ANALYSIS  AND  THEIR  TERMINATION. 

3  11.     Thb  direct  method  includes  all  thu  ere  tin* 

substance  under  examination  i  •■'!  by  Bhuple  cunnu  I 

! v  <T  equivalent   propoi  -    hodj 

capable  of  cninhining  with  it.  .mil  when;  tin;  end  of  th 
i^  manifested  in  the  solution  itself. 

It  &]  U  includes  those  unulysp*  in  which   the  suh 

!•■   the   expulsion   of    n   repi 
equivalent   of  the   latter,  which   is  then  esti 
,i-  thing  reqiuml, 


itinl  in  the  1 1 roc ww  for 
n  determination  of  in m  by  i »"!•!- --ir  permanganate,  where  tin- 
•miufni  i  tux  of  tlic  rte  itself  as  the  end 

■ 

mil  tdkalie  Jso,  undei    ti  the 

■•n.--  of    litmus,  .-i   othei    in*  lien  tore,    illowing    the 
i  :  i  niter  their  colour. 

■   i  method  is  fxemplifiod  in  the  analysi?  of  manganese 

,  l>\    boiling  witli 

acid,      The   chlorine   evolved    \a    esti  the 

.  gen  u  di'-li  lias  disniaa  d  it.     We 

id  t"  Bansen  foi   i  most  accurate  and  valuable  sories  of 

!   "ii  this  [irilM  tple. 

■  1  nit'tluxl  is  Kiit'h  thai  tii'*  sultstance  to  he  analyzed  ia 
il  itself,  hut  th<  other  bod 

he  purpose  «-f  combining  with   it  01  [posing  it;  and  tin* 

if  the  l-'»ly  ucIiUhI  being  known,  ami  tin 

n  lunation  being  also  known, 
(which  B3  Prom  the 

i!  givefl  ;it  on<  e  thr   proportional  qu  ail  ; 

je  will  make  the  principle  obvious:     S  hats 

ted     Ii  u  not 
I  in 

■  [ -  for  decomposition*     There  must  be 

i   and  heat  applied  also  t-i  gel    it  into  solution  :  it". 
nown  excessive  « | u.i nt it \    .  .t  standard   seid   be    I 
I  solution  obtained,  and  the  Liquid  then  titrated  backward 

rcl  alkali,  the  quantity  <>i  fr< 
i\  determined,  and   corwe*iucntl*i   thai  which  is  combined 

iv  to  odd  ii  substance  which  shall 
be  ;  such,  for  instance,  is 

,     iik.iliih. :  i  ,■  .  bromate  in 

iodine  estim  itions. 

,  ^,    the   end    •»!'    which    can    only    be 
iiidii  iitoi  from   the   solution  ,  such   i- 

of  iron  by  potossic  btcliTomate,  where 
i     liquid    'm  brought  in. to  ■  ith   iiuoth 

•  on  .i  \\  lnit    slnh  or  plat*  ;  when 
e  of  tin-  two  li'iui'ls  the 
...  i 

tr^vtu    ff'V    &■    I'V'    £j    /iwW- 
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of   sulphuric  add.      It    p*1 

atouduril  --"lnti'-n  •'!'  Booio  earbotutafl  oan  be  11 
ims    other  form  of    alkali.      Mol 

alkali    LI  mil    i> 

I'liifl  solution   "t    oxalic  or  sulphtjri 

Tln'ii'1  Q    the    lair  1    \>,  that  in  til:  -  with 

I  ic  alkali,  1 1  *  *  -  wpU-knnwu  in 
by  carbonic  acid  1-  aroided:  tlii.-  difficulty  i«  iur» 
oaxbanstea  by  the  new  in! 


INDICATORS    USED 
ALKALIMETRY. 
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§  13.      1.  LitmunSolirblon.  — Tln- 
knuwn    indicator    ih    Im-i    j.i 
f«illi»wf  :      Kx  tract    ;tll 
from 

((Uantitu**   nf   hot    v.  ;.i 

■ 

arid 
compose 

thick  fi  t  thi«  u 

:<•   pro|Hirl  i 
.  11I.    :i1cm}i<i!   nr 

pp  icipitaUsl,  .iti-l    the   alkiilim 

together  with  M'lll<-  I 
remain    dissolved  ;     the    |1 

■[>■    is   thrown    mi 
Willi    lint    spirit,  awl   tin-  pin 
•*<  matter  Hindi) 

water,  through  the  filter,  f"i  use.* 

Another  method  given  vorj  k<hn1  result         I  1  1   ■  .  1  -' 

1  itwl  spirit,  tin 


"  It  U  preferable  to  keep  tUe  jtaaty  extract,  atUl  wet  with  spirit,  in  n  l- 
diaaolTe  a  little  in  warm  water  when  required,  adjt»ti&£  the  tint  wn 
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duuclvo  tb«  txfcnct  iu  glycerol,  a*  a  preaervatiir.  but  the  Me  of  any  fpraien  matterl 
I  his  purpose,  jjulIi  om  alcohol,  bone  or  salicylic  acid,  Ac,  ought  to  be  a  - 
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easily  affected  by  weak  organic  acids  aa  litmus,  and  therefore  for 
these  acids  the  latter  is  preferable.  It  cannot  be  .used  in  the  pre- 
sence of  even  traces  of  iron  or  alumina  compounds  or  acetates, 
which  fact  greatly  limits  its  use. 

i.  Turmeric  Paper. — Pettenkofer,  in  his  estimation  of  car- 
1k)1uc  acid  by  baryta  water,  prefers  turmeric  paper  as  an  indicator. 
For  this  purpose  it  is  best  prepared  by  digesting  pieces  of  the  root, 
first  in  repeated  small  quantities  of  water  to  remove  a  portion  of 
objectionable  colouring  matter,  then  in  alcohol,  and  dipping  strips 
of  calendered  unsized  paper  into  the  alcoholic  solution,  drying  and 
preserving  them  in  the  dark. 

Thompson  in  continuance  of  his  valuable  studies  on  various 
indicators  found  that  turmeric  paper  is  of  very  little  use  for 
ammonia,  or  the  alkaline  carbonates,  or  sulphides  and  sulphites, 
but  he  prepared  a  special  paper  of  a  light  red-brown  colour,  by 
dipping  it  into  the  alcoholic  tincture  of  turmeric  rendered  slightly 
alkaline  by  caustic  soda.  If  this  paper  is  wetted  with  water  the 
colour  is  intensified  to  a  dark  red-brown  ;  when  jwirtly  immersed  in 
a  very  dilute  solution  of  an  acid,  the  wetted  portion  becomes  bright 
yellow,  while  immediately  above  this  a  moistened  dark  red-brown 
band  is  formed,  and  the  upper  dry  portion  retains  its  original 
colour.  This  appearance  only  occurs  in  the  titration  of  a  com- 
paratively large  proportion  of  an  acid,  when  the  latter  is  nearly  all 
neutralized,  and  thus  serves  to  indicate  the  near  approach  to  the 
end-reaction.  "When  neutral  or  alkaline,  the  colour  of  the  immersed 
portion  of  paper  is  simply  intensified  as  already  described.  This 
intensification  is  quite  jus  decided  as  a  change,  of  tint  This  red- 
brown  paper  is  equally  as  sensitive  as  phenolphthalein  for  the 
titration  of  citric,  acetic,  tartaric,  oxalic  and  other  organic  acids  by 
standard  soda  or  potash,  and  can  be  used  for  highly  coloured 
solutions.  It  is  also  available,  like  phenolphthalein,  for  the 
estimation  of  small  quantities  of  acid  in  strong  alcohol. 

Indicators  derived  from  the  Azo  Colours,  etc. 

An  immense  stride  has  been  token  in  the  application  of  these 
modern  indicators,  and  the  best  thanks  of  all  chemists  are  due  to 
K.  T.  Thompson  for  his  valuable  researches  on  them,  read  before 
the  Chemical  Section  of  the  Philosophical  Society  of  Glasgow,  and 
published  in  their  Transactions ;  also  reprinted  (0.  N.  xlvii.  123, 
185;  xlix.  32,  119;  J.  S.  C.  L  vi.  195).  The  experiments 
recorded  in  these  papers  are  most  carefully  carried  out,  and  the 
truthfulness  of  their  results  has  been  verified  by  Lunge  and  other 
practical  men  as  well  as  by  myself. 

Space  will  only  permit  here  of  a  record  of  the  results,  fuller 
details  being  given  in  the  publications  to  which  reference  lias  been 
made. 
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that  these  preparations  are  less  sensitive  than  methyl  orange,  and 
wherever  they  are  recommended  for  any  process  of  titration  the 
latter  may  he  substituted  with  advantage. 

6.  Phenacetolin. — This  substance  is  prepared  by  boiling  together 
for  several  hours  equal  molecular  proportions  of  phenol,  acetic 
anhydride,  and  sulphuric  acid.  The  product  is  well  washed  with 
water  to  remove  excess  of  acid  and  dried  for  use ;  it  is  soluble 
only  in  alcohol,  and  a  convenient  strength  is  2  gni.  per  liter.  The 
solution  is  dark  brown,  which  gives  a  scarcely  perceptible  yellow 
with  caustic  soda  or  potash,  when  a  few  drops  are  used  with  the 
ordinary  volumes  of  liquid.  With  ammonia  and  the  normal 
alkaline  carbonates  it  gives  a  dark  pink,  with  bicarbonate  a  much 
more  intense  pink,  and  with  mineral  acids  a  golden  yellow.  This 
indicator  may  be  used  to  estimate  the  amount  of  caustic  potash 
or  soda  in  the  presence  of  their  normal  carlK>nates  if  the  proportion 
of  the  former  is  not  very  small,  or  of  caustic  lime  in  the  presence 
of  carbonate. 

Practice  however  is  required  with  solutions  of  known  composition, 
so  as  to  acquire  knowledge  of  the  exact  shades  of  colour. 

7.  Phenolphthalein. — Tins  substance  is  obtained  by  heating 
together  at  120°  C,  for  ten  or  twelve  hoxirs,  five  parts  of  phthalic 
anhydride,  ten  of  phenol,  and  four  of  sulphuric  acid ;  the  product 
is  boiled  with  water,  and  the  residue  dissolved  in  dilute  soda  and 
filtered.  The  filtrate  contains  the  phenolphthalein,  which  may 
l>e  precipitated  by  neutralizing  with  acetic  and  hydrochloric  acids, 
and  purified  by  solution  in  alcohol,  boiling  with  animal  charcoal 
and  re-precipitating  with  boiling  water ;  it  is  of  a  resinous  nature, 
but  quite  soluble  in  50-per-cent.  alcohol.  A  convenient  strength 
is  5  gin.  per  liter. 

A  few  droj>s  of  the  indicator  show  no  colour  in  the  ordinary 
volumes  of  neutral  or  acid  liquids ;  the  faintest  excess  of  caustic 
alkalies,  on  the  other  hand,  gives  a  sudden  change  to  purple-red. 

This  indicator  is  useless  for  the  titration  of  free  ammonia,  or  its 
compounds,  or  for  the  fixed  alkalies  when  salts  of  ammonia  are 
present.*     It  is  also  very  easily  affected  by  CO2  and  SH2. 

It  may  however  be  used  like  phenacetolin  for  estimating  the 
proportions  of  hydrate  and  carbonate  of  soda  or  potash  in  the 
same  sample  where  the  proportion  of  hydrate  is  not  too  small. 
Unlike  methyl  orange,  this  indicator  is  especially  usefid  in  titrating 
all  varieties  of  organic  acids;  viz.,  oxalic,  acetic,  citric,  tartaric, 
etc. 

One  great  advantage  possessed  by  phenolphthalein  is,  that  it 
may  be  used  in  alcoholic  solutions,  or  mixtures  of  alcohol  and 

*  Long  (Amer.  Chem.  Jour.xi,  Si)  states,  and  my  own  experiments  support  him,  that 
this  disadvantage  may  be  remedied  in  many  cases  by  using  a  large  proportion  of  the 
indicator  and  a  low  temperature. 
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Special  indicators  for  certain  purposes,  such  as  potassic  chromate 
for  silver,  ferric  sulphate  for  sulphoeyanides,  etc.,  will  be  described 
in  their  proper  place. 


SHORT  SUMM  AEY  OF  THOMPSON'S  RESULTS  WITH 
INDICATORS  AND  PURE  SALTS  OF  THE  ALKALIES 
AND    ALKALINE    EARTHS. 

The  whole  of  the  base  or  acid  in  the  following  list  of  substances 
may  be  estimated  with  delicacy  and  precision  unless  otherwise 
mentioned. 

Litmus  Cold. — Hydrates  of  soda,  potash,  ammonia,  lime,  baryta, 
etc. ;  arsenites  of  soda  and  potash,  and  silicates  of  the  same  bases ; 
nitric,  sulphuric,  hydrochloric,  and  oxalic  acids. 

Litmus  Boiling-. — The  neutral  and  acid  carbonates  of  potash, 
soda,  lime,  baryta,  and  magnesia,  the  sulphides  of  sodium  and 
potassium,  and  the  silicates  of  the  same  bases. 

Methyl  Orange  Cold. — The  hydrates,  carbonates,  bicarbonates, 
sulphides,  arsenites,  silicates,  and  borates  of  soda,  potash,  ammonia, 
lime,  magnesia,  baryta,  etc.,  all  the  mineral  acids,  sulphites,  half  the 
base  in  the  alkaline  and  earthy  alkaline  phosphates  and  arseniates. 

Rosolic  Acid  Cold. — The  whole  of  the  base  or  acid  may  bo 
estimated  in  the  hydrates  of  i»otash,  soda,  ammonia,  and  arsenites 
of  the  same  ;  the  mineral  and  oxalic  acids. 

Rosolic  Acid  Boiling-. — The  alkaline  and  earthy  hydrates  and 
carbonates,  bicarbonates,  sulphides,  arsenites,  and  silicates. 

Fhenacetolin  Cold. — The  hydrates,  arsenites,  and  silicates  of  the 
alkalies  ;  the  mineral  acids. 

Fhenacetolin  Boiling-. — The  alkaline  and  earthy  hydrates,  car- 
bonates, bicarbonate*,  sulphides,  arsenites,  and  silicates. 

Phenolphthalein  Cold. — The  alkaline  hydrates,  except  ammonia  ; 
the  mineral  acids,  oxalic,  citric,  tartaric,  acetic,  and  other  organic 
acids. 

Phenolphthalein  Boiling-. — The  alkaline  and  earthy  hydrates, 
carbonates,  biearlwnates,  and  sulphides,  always  excepting  ammonia 
and  its  salts. 

Lacmoid  Cold. — The  alkaline  and  earthy  hydrates,  arsenites  and 
borates,  and  the  mineral  acids.    Many  salts  of  the  metals  which  are 
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occupy  a  jwsition  between  these  extremes,  each  showing,  however, 
special  jwculiarities.  The  distinction,  however,  is  so  marked,  that, 
as  Thompson  says,  it  is  possible  to  have  a  liquid  which  may  \w 
acid  to  phenolphthalein  and  alkaline  to  lacmoid. 

The  presence  of  certain  neutral  salts  has,  too,  a  definite  effect 
on  the  sensitiveness  of  certain  indicators.  Sulphates,  nitrates, 
chlorides,  etc.,  retard  the  action  of  methyl  orange  slightly,  while  in 
the  case  of  phenacetolin  and  phenolphthalein  they  have  no  effect. 
On  the  other  hand,  neutral  salts  of  ammonia  have  such  a  disturbing 
influence  on  the  latter  as  to  rentier  it  useless,  unless  with  special 
precautions. 

Nitrous  acid  alters  the  composition  of  methyl  orange ;  so  also 
do  nitrites  when  existing  in  any  quantity.  Forbes  Carpenter 
lias  noted  this  effect  in  testing  the  exit  gases  of  vitriol  chambers 
(J.  S.  a  I.  v.  287). 

Sulphites  of  the  fixed  alkalies  and  alkaline  earths  are  practically 
neutral  to  phenolphthalein,  but  alkaline  to  litmus,  methyl  orange, 
and  phenacetolin. 

Sulphides,  again,  can  be  accurately  titrated  with  methyl  orange 
in  the  cold,  and  on  l>oiling  off  the  H28  a  tolerably  accurate  result  can 
be  obtained  with  litmus  and  phenacetolin,  but  with  phenolphthalein 
the  neutral  point  occurs  when  half  the  alkali  is  saturated.  The 
phosphates  of  the  alkalies,  arseniates,  and  arsenites,  also  vary  in 
their  effects  on  the  various  indicators. 

Again,  boric  acid  and  the  borates  can  l>e  very  accurately  titrated 
by  help  of  methyl  orange  or  lacmoid  paper,  but  the  other  indicators 
are  practically  useless. 

Thompson  classifies  the  usual  neutrality  indicators  into  three 
groups.  The  methyl  orange  group,  comprising  that  substance, 
together  with  lacmoid,  dimethylamidobenzene,  cochineal  and  Congo 
red;  the  phenolphthalein  group,  consisting  of  itself  and  turmeric ;  the 
litmus  group,  including  litmus,  rosolic  acid,  and  phenacetolin.  The 
methyl  orange  group  are  most  susceptible  to  alkalies,  the  phen- 
olphthalein to  acids,  and  the  litmus  somewhat  totween  the  two. 
This  classification  has  nothing  to  do  with  delicacy  of  reaction,  but 
with  the  special  behaviour  of  the  indicator  under  the  same  circum- 
stances ;  for  instance,  saliva,  which  is  generally  neutral  to  litmus 
paper,  is  always  strongly  alkaline  to  lacmoid  or  Congo  red,  and  acid 
to  turmeric  paper.  Fresh  milk  reacts  very  much  in  the  same  way. 
No  absolutely  hard  and  fast  line  can  however  be  drawn. 

Thompson  gives  the  following  table  as  an  epitome  of  the  results 
obtained  with  indicators,  and  on  which  several  processes  have  been 
based.  The  figures  refer  to  the  number  of  atoms  of  hydrogen 
displaced  by  the  monatomic  metals,  sodium  or  potassium,  in  the 
form  of  hydrates.  "Where  a  blank  is  left  it  is  meant  that  the  end- 
reaction  is  obscure.  The  figures  apply  also  to  ammonia,  except 
where  phenolphthalein  is  concerned,  and  when  boiling  solutions  are 
used.     Calcic  and  baric  hydrates  also  give  similar  results,  except 
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no  question  that  the  use  of  such  as  have  been  described  is  an 
immense  advance  upon  the  old-fashioned  litmus. 


FBEPABATION    OF    THE     NORMAL    ACID    AND    ALKALINE 
SOLUTIONS. 

§  14.  It  is  quite  possible  to  carry  out  the  titration  of  acids 
and  alkalies  with  only  one  standard  liquid  of  each  kind ;  but  it 
frequently  happens  that  standard  acids  or  alkalies  are  required 
in  other  processes  of  titration  beside  mere  saturation,  and  it  is 
therefore  advisable  to  have  a  variety. 

Above  all  things  it  is  absolutely  necessary  to  have,  at  least,  one 
standard  acid  and  alkali  prepared  with  the  most  scrupulous  accuracy, 
to  use  as  foundations  for  all  others. 

I  prefer  sulphuric  acid  for  the  normal  acid  solution,  inasmuch  as 
there  is  no  difficulty  in  getting  the  purest  acid  in  commerce.  The 
normal  acid  made  with  it  is  totally  unaffected  by  boiling,  even 
when  of  full  strength,  which  cannot  be  said  of  either  nitric  or 
hydrochloric  acid.  Hydrochloric  acid  is  however  generally  pre- 
ferred by  alkali  makers,  owing  to  its  giving  soluble  compounds 
with  lime  and  similar  bases.  Nitric  and  oxalic  acids  are  also 
sometimes  convenient. 

8odic  carbonate,  on  the  other  hand,  is  to  be  preferred  for  the 
standard  alkali,  because  it  can  readily  be  obtained  in  a  j>erfectly 
pure  state,  or  can  be  easily  made  by  heating  pure  bicarbonate  to  a 
temperature  of  150°  or  200°  C.  for  some  hours  in  an  air  bath,  or 
gently  igniting  over  the  gas  for  ten  or  fifteen  minutes. 

The  chief  difficulty  hitherto  with  sodic  carbonate  has  been,  that 
with  litmus  as  indicator,  the  titration  must  be  carried  on  at  a 
boiling  heat  in  order  to  get  rid  of  carbonic  acid,  which  hinders  the 
pure  blue  colour  of  the  indicator,  notwithstanding  the  alkali  may 
be  in  great  excess.  This  difficulty  is  now  set  aside  by  the  use  of 
methyl  orange.  In  case  the  operator  has  not  this  indicator 
at  hand,  litmus  gives  perfectly  accurate  results,  if  the  saturation 
is  conducted  by  rapidly  boiling  the  liquid  in  a  thin  flask  for  a 
minute  after  each  addition  of  acid  until  the  point  is  reached 
when  one  drop  of  acid  in  excess  gives  a  pink-red  colour,  which  is 
not  altered  by  further  boiling. 

As  has  been  previously  said,  these  two  standards  must  be  pre- 
pared with  the  utmost  care,  since  upon  their  correct  preparation 
and  preservation  depends  the  verification  of  other  standard 
solutions. 

It  may,  however,  be  remarked,  that  in  place  of  a  standard  solution 
of  sodic  carbonate,  which  is  of  limited  use  for  general  purposes, 
the  pure  anhydrous  salt  may  be  used  for  the  rigid  adjustment  of 
normal  acid.  In  this  case  about  2  or  3  grams  of  pure  Na^O3 
are  freshly  heated  to  dull  redness  for  a  few  minutes  in  a  weighed 
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the  solution  is  decanted  into  a  liter  flask  and  filled  up  to  the  mark 
with,  distilled  water  at  16°  C. 


2.    Normal    Potaasic    Carbonate. 
69  gm.  K2C03  per  liter. 

This  solution  is  sometimes,  though  rarely,  preferable  to  the  soda 
salt,  and  is  of  service  for  the  estimation  of  combined  acids  in  certain 
cases,  where,  by  boiling  the  compound  with  this  agent,  an  inter- 
change of  acid  and  base  occurs. 

It  cannot  be  prepared  by  direct  weighing  of  the  potaseic  carbonate, 
and  is  therefore  best  established  by  titrating  a  solution  of  unknown 
strength  with  strictly  normal  acid. 

3.    Normal    Sulphuric    Acid. 
49  gm.  H2SO*  per  liter. 

Alxmt  30  c.c.  of  pure  sulphuric  acid  of  sp.  gr.  1*840,  or  there- 
abouts, are  mixed  with  three  or  four  times  the  volume  of  distilled 
water  and  allowed  to  cool,  then  put  into  the  graduated  cylinder  and 
diluted  up  to  the  liter.  The  solution  may  now  be  roughly  tested 
by  normal  alkali,  which  is  best  done  by  putting  20-  c.c.  into  a 
small  beaker  or  flask  with  methyl  orange,  and  allowing  the  acid  to 
flow  from  a  burette,  divided  into  j1^  c.c,  until  the  point  of 
neutrality  is  readied.  If  more  than  20  c.c.  are  required,  the  acid  is 
too  weak  ;  if  less,  too  strong.  If  the  acid  from  which  the  solution 
was  made  was  of  the  sp.  gr.  mentioned,  it  will  generally  be 
too  strong,  which  is  preferable.  The  final  adjustment  with  sodic 
carlxmate  may  now  be  made  as  before  described. 

The  solution  may  also  be  controlled  by  precipitation  with  baric 
chloride,  in  which  case  10  c.c.  should  produce  as  much  baric 
sulphate  as  is  equal  to  0*49  gm.  of  sulphuric  acid,  or  49  gm.  per 
Liter. 

4.    Normal    Oxalic    Acid. 
63  gm.  C204H2,2H20,  or  45  gm.  C204H2  per  liter. 

This  solution  cannot  very  well  be  established  by  direct  weighing, 
owing  to  uncertain  hydration ;  hence  it  must  be  titrated  by  normal 
alkali  of  known  accuracy. 

The  solution  is  apt  to  deposit  some  of  the  acid  at  low  tempera- 
tures, but  keeps  well  if  preserved  from  direct  sunlight,  and  will 
bear  heating  without  volatilizing  the  acid.  Very  dilute  solutions 
of  oxalic  acid  are  very  unstable ;  therefore,  if  a  decinorinal  or 
centinonual  solution  is  at  any  time  required,  it  should  l>o  made 
when  wanted.  Some  operators  prefer  potassic  tctra-oxalate  to 
oxalic  acid,  because  the  actual  strength  of  the  normal  solution  may 
at  any  time  be  verified   by  evaporating  a  measured  volume  to 
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litmus  the  titration  must  be  conducted  with  l>oiling.  Methyl 
orange  permits  the  use  of  these  solutions  at  ordinary  temperature 
notwithstanding  the  presence  of  CO2. 

Soda  and  potash  may  both  be  obtained  in  commerce  sufficiently 
pure  for  all  ordinary  titration  purposes,  but  in  case  they  are  not  at 
hand  the  requisite  solutions  may  be  prepared  as  follows : — 

Two  }>arts  of  pure  sodic  or  potassic  carbonate  are  to  be  dissolved 
in  twenty  parts  of  distilled  water,  and  boiled  in  a  clean  iron  pot ; 
during  the  boiling,  one  part  of  fresli  quick-lime,  made  into  a  cream 
■with  water,  is  to  be  added  little  by  little,  and  the  whole  boiled  until 
all  the  carbonic  acid  is  removed,  which  may  be  known  by  the  clear 
solution  producing  no  effervescence  on  the  addition  of  dilute  acid ; 
the  vessel  is  covered  closely,  and  set  aside  to  cool  and  settle  ;  when 
cold,  the  clear  supernatant  liquid  should  be  poured  or  drawn  off 
and  titrated  by  normal  acid,  and  made  of  the  proper  strength 
as  directed  for  sulphuric  acid. 

Soda  solutions  may  be  freed  from  traces  of  chlorine,  sulphuric, 
silicic,  and  carbonic  acids,  by  shaking  with  Millon's  base, 
triinercur-ammonium  (CX  N.  xlii.  8). 

In  preparing  these  alkaline  solutions,  they  should  l>e  exposed  as 
little  as  possible  to  the  air,  and  when  the  strength  is  finally  settled, 
should  be  preserved  in  one  of  the  bottles  shown  in  fig.  19  or  20. 


8.     Semi-normal    Ammonia. 
8-5  gnu  NH3  per  liter 

For  some  years  past  I  have  used  this  strength  of  standard 
ammonia  for  saturation  analyses,  and  have  been  fully  satisfied  with 
its  behaviour ;  it  is  cleanly,  does  not  readily  absorb  carlxmic  acid, 
holds  its  strength  well  for  two  or  three  months  when  kept  in  a  cool 
place  and  well  stoppered  ;  and  can  at  any  time  be  prepared  in  a  few 
minutes,  by  simply  diluting  strong  solution  of  ammonia  with  fresh 
distilled  water. 

A  normal  solution  cannot  be  used  with  safety,  owing  to  evapora- 
tion of  the  gas  at  ordinary  temperatures. 

It  is  necessary  to  add  that,  even  in  the  case  of  %  strength, 
the  solution  should  be  titrated  from  time  to  time  against  correct 
normal  acid.  -^  ammonia  keeps  its  strength  for  a  long  time 
in  well-closed  bottles. 


9.     Standard    Caustic   Baryta    (Pettenkofer). 

Especially  serviceable  for  free  carbonic  acid  and  coloured  acid 
liquids,  such  as  commercial  vinegars,  etc. 

The  solution  of  caustic  baryta  is  best  made  from  the  crystallized 
hydrate.  It  is  not  advisable  to  have  the  solution  too  concentrated, 
since,  when  it  is  near  complete  saturation  it  is  apt  to  deposit  the 
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10.     Normal  Anunonio-Cupric  Solution  for  Acetic  Acid  and  free 
Acids  and  Base*  in  Earthy  and  Metallic  Solutions. 
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admissible  metals,  are  dissolved  in  excess  of  normal  nitric  acid, 
and  titrated  residually  with  the  copjwr  solution. 

ExampU:  1  gm.  pure  zinc  oxide  was  dissolved  in  27  c.c.  normal  acid, 
and  2'3  e.c.  normal  copper  solution  required  to  produce  the  precipitate 
=24*7  c.c.  acid ;  this  multiplied  by  00406,  the  coefficient  for  zinc  oxide, 
=  1-000  gm. 


ESTIVATION  07  THE  CORRECT  STRENGTH  OF  STANDARD 
SOLUTIONS  NOT  STRICTLY  NORMAL  OR  SYSTEMATIC. 

§  15.  Ik  discussing  the  preparation  of  the  foregoing  standard 
solutions,  it  1ms  been  assumed  that  they  shall  be  strictly  and 
absolutely  correct;  that  is  to  say,  if  the  same  measure  be  filled 
first  with  any  alkaline  solution,  then  with  an  acid  solution,  and  the 
two  mixed  together,  a  perfectly  neutral  solution  shall  result,  so  tliat 
a  drop  or  two  either  way  will  upset  the  equilibrium. 

Where  it  is  possible  to  weigh  directly  a  pure  dry  substance,  this 
approximation  may  be  very  closely  reached.  Sodic  monocarbonate, 
for  instance,  admits  of  being  thus  accurately  weighed.  On  the 
other  hand,  the  caustic  alkalies  cannot  lie  so  weighed,  nor  can 
the  liquid  acids.  An  approximate  quantity,  therefore,  of  these 
substances  must  be  taken,  and  the  exact  power  of  the  solution 
found  by  experiment. 

In  titrating  such  solutions  it  is  exceedingly  difficult  to  make  them 
so  exact  in  strength,  that  the  precise  quantity,  to  a  drop  or  two, 
shall  neutralize  each  other.  In  technical  matters  a  near  approxima- 
tion may  be  sufficient,  but  in  scientific  investigations  it  is  of  the 
greatest  importance  that  the  utmost  accuracy  should  be  obtained ; 
it  is  therefore  advisable  to  ascertain  the  actual  difference,  and  to 
mark  it  upon  the  vessels  in  which  the  solutions  are  kept,  so  that  a 
alight  calculation  will  give  the  exact  result. 

Suppose,  for  instance,  that  a  standard  sulphuric  acid  is  prejwired, 
which  does  not  rigidly  agree  with  the  normal  sodic  carbonate  (not 
at  all  an  uncommon  occurrence,  as  it  is  exceedingly  difficult  to  hit 
the  precise  point) ;  in  order  to  find  out  the  exact  difference  it  must 
be  carefully  titrated  as  in  §  14.  Suppose  the  weight  of  sodic 
carbonate  to  be  1*9  gm.,  it  is  then  dissolved  and  titrated  with  the 
standard  acid,  of  which  36'1  c.c.  are  required  to  reach  the  exact 
neutral  point. 

If  the  acid  were  rigidly  exact  it  should  require  35'85  c.c  ;  in 
order,  therefore,  to  find  the  factor  necessary  to  bring  the  quantity  of 
acid  used  in  the  analysis  to  an  equivalent  quantity  of  normal 
strength,  the  number  of  c.c.  actually  used  must  be  taken  as  the 
denominator,  and  the  number  which  should  have  been  used,  had 
the  acid  been  strictly  normal,  as  the  numerator,  thus — 
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acid  ;  of  another  solution,  12"7  c.c.  were  required.  The  volumes  of 
each  necessary  to  form  a  normal  solution  were  found  as  follows: — 

5*8  (12-7  -10)=  15-66 
12-7(10   -5-8)=  53*34 

Therefore,  if  the  solutions  are  mixed  in  the  proportion  of  15'66 
c.c.  of  the.  stronger  with  53*34  e.c.  of  the  weaker,  a  correct  solution 
ought  to  result.  The  same  principle  of  adjustment  is,  of  course, 
applicahle  to  standard  solutions  of  every  class. 

Again :  suppose  that  a  standard  solution  of  sulphuric  acid  has 
Wen  made,  approximating  as  nearly  as  jKwsible  to  the  normal 
strength,  and  ite  exact  value  found  by  precipitation  with  baric 
chloride,  or  a  standard  hydrochloric  acid  with  silver  nitrate,  and 
such  a  solution  has  lwen  calculated  to  require  the  coefficient  0*995 
to  convert  it  to  normal  strength, — by  the  help  of  this  solution, 
though  not  strictly  normal,  we  may  titrate  an  approximately  normal 
alkaline  solution  thus :— Two  trials  of  the  acid  and  alkaline  solu- 
tions show  that  50  c.c.  alkali  =  48*5  c.c.  acid,  having  a  coefficient 
of  0*995  =  48*25  c.c.  normal ;  then,  according  to  the  equation, 
jt  50=  48*25  is  the  required  coefficient  for  the  alkali 

48*25 
50  =  0'965* 

And  here,  in  the  case  of  the  alkaline  solution  being  sodic  carbonate, 
we  can  bring  it  to  exact  normal  strength  by  a  calculation  based  on 
the  equivalent  weight  of  the  salt,  thus — 

1   :  0*965  :  :  53  :  51*145. 

The.  difference  between  the  two  latter  numbers  is  1*855  gm.,  and 
this  weight  of  pure  smlie  earl >on ate,  added  to  one  liter  of  the 
solution,  will  bring  it  to  normal  strength. 
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TABLE    FOK   THE    SYSTEMATIC    ANALYSIS   OF    ALKALIES, 

ALKALINE    EARTHS    AND    ACIDS. 
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THE    TITRATION    OF    ALKALINE    SALTS. 
1.    Caustic  Soda  or  Potash,  and  their  Neutral  or  Acid  Carbonates. 

§  16.  The  necessary  quantity  of  substance  being  weighed  or 
measured,  as  the  wise  may  be,  and  mixed  with  distilled  water  to  a 
proper  state  of  dilution  (say  about  one  per  cent  of  solid  material), 
au  appropriate  indicator  is  added,  and  the  solution  is  ready  for  tlte 
burette.  Normal  acid  is  then  cautiously  added  from  a  burette 
till  the  change  of  colour  occur.  In  the  case  of  caustic  alkalies 
free  from  CO2,  the  end-reaction  is  very  sharp  with  any  of  the 
indicators ;  but  if  CO2  is  present,  the  only  available  indicators  in 
the  cold  are  methyl  orange  or  laemoid  paper.  If  the  other  indica- 
tors are  used,  the  CO2  must  be  boiled  off  after  each  addition  of  acid. 

In  examining  carljonates  of  potash  or  soda,  or  mixtures  of  caustic 
and  carbonate,  where  it  is  only  necessary  to  ascertain  the  total 
alkalinity,  the  same  method  applies. 

In  the  examinations  of  samples  of  commercial  refined  soda  or 
potash  salts,  it  is  advisable  to  proceed  as  follows : — 

Powder  and  mix  the  sample  thoroughly,  weigh  10  gm.  in  a  platinum  or 
porcelain  crucible,  and  ignite  gently  over  a  spirit  or  gas  lamp,  and  allow  the 
crucible  to  cool  under  the  exsiccator.  Weigh  again,  the  loss  of  weight  gives 
the  moisture ;  wash  the  contents  of  the  crucible  into  a  beaker,  dissolve  and 
filter  if  necessary,  and  dilute  to  the  exact  measure  of  500  c.c.  with  distilled 
water  in  a  half -liter  flask ;  after  mixing  it  thoroughly  take  out  60  c.c- 1  gm. 
of  alkali  with  a  pipette,  and  empty  it  into  a  small  flask,  bring  the  flask  under 
a  burette  containing  normal  acid  and  graduated  to  £  or  tV  c.c,  allow  the  acid 
to  flow  cautiously  as  before  directed,  until  the  neutral  point  is  reached :  the 
process  may  then  bo  repeated  several  times  if  necessary,  in  order  to  be  certain 
of  the  correctness  of  the  analysis. 

Betidual  Titration ;  As  the  presence  of  carbonic  acid  with  litmus  and  the 
other  indicators,  except  methyl  orange,  always  tends  to  confuse  the  exact  end 
of  the  process,  the  difficulty  is  best  overcome,  in  the  case  of  not  using  methyl 
orange,  by  allowing  an  excess  of  acid  to  flow  into  the  alkali,  boiling  to  expel 
the  CO*,  and  then  cautiously  adding  normal  caustic  alkali,  drop  by  drop, 
until  the  liquid  suddenly  changes  colour;  by  deducting  the  quantity  of 
caustic  alkali  from  the  quantity  of  acid  originally  used,  the  exact  volume  of 
acid  necessary  to  saturate  the  1  gm.  of  alkali  is  ascertained. 

This  method  of  re-titration  gives  a  very  sharp  end-reaction,  as 
there  is  no  curlwnic  acid  present  to  interfere  with  the  delicacy  of 
the  indicator.  It  is  a  procedure  sometimes  necessary  in  other  cases, 
owing  to  the  interference  of  impurities  dissipated  by  boiling,  ejj. 
sulphuretted  hydrogen,  which  would  otherwise  bleach  the  indicator, 
except  in  the  case  of  methyl  orange  and  laemoid  }>aper,  either  of 
which  are  indifferent  to  H2S  in  the  cold.  An  example  will  make 
the  plan  clear : — 

Example :  50  c.c  of  the  solution  of  alkali  prepared  as  directed,  equal  to 
1  gm.  of  the  sample,  is  put  into  a  flask,  and  20  c.c.  of  normal  acid  allowed  to 
flow  into  it ;  it  is  then  boiled  and  shaken  till  all  CO2  is  expelled,  and  normal 
caustic  alkali  added  till  the  neutral  point  is  reached ;  the  quantity  required 
is  3*4  c.c,  which  deducted  from  20 cc  of  acid  leaves  160  c.c.    The  follow- 
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A  very  slight  error,  however,  occurs  in  all  such  cases,  in 
consequence  of  the  volume  of  the  precipitate  lwing  included  in 
the  measured  liquid. 

R.  "Williams  (J.  S.  C.  I.  vi.  346)  estimates  the  caustic  soda  in 
soda  ash  by  digesting  a  weighed  quantity  in  strong  alcohol  in  a 
tightly  stoppered  flask  with  frequent  shaking  and  finally  allowing 
to  stand  overnight ;  the  undissolved  carbonate  is  filtered  off, 
washed  with  alcohol  until  a  drop  gives  no  alkaline  reaction — 
the  filtrate  and  washings  are  then  titrated  with  normal  acid  and 
phenolphthalein. 

Peter  Hart  recommends  the  following  method  of  ascertaining 
the  relative  proportions  of  caustic  and  carbonated  soda  in  soda  ash: — 
50  grains  of  the  sample  is  dissolved  in  10  ounces  of  water, 
phenolphthalein  added,  and  the  standard  acid  (1  dm.  =0*5  grn. 
Na20)  slowly  run  in  until  the  colour  disappears.  At  this  point  all 
the  caustic  soda  and  one-half  the  carbonate  lias  been  neutralized, 
say  30  dm.  has  been  used.  To  the  same  solution  (in  which  the 
soda  now  exists  as  bicarbonate)  methyl  orange  is  added,  and  the 
titration  continued  until  pink :  the  burette  now  reads  50  din. 
Then  50 — 30  —  20  as  NaHCO3,  but  as  this  originally  existed  in  the 
sample  as  Na2C03,  this  figure  must  be  doubled  =  40,  which 
deducted  from  50  leaves  10  dm.  as  representing  the  caustic  soda 
in  the  sample. 

3.    Estimation    of  Hydrates    of   Soda   or    Potash   with    small 
proportions   of  Carbonate. 

This  may  be  accomplished  by  means  of  phenacetolin  (Lunge, 
J.  S.  C.  I.  i.  56.)  The  alkaline  solution  is  coloured  of  a  scarcely 
perceptible  yellow  with  a  few  drops  of  the  indicator.  The 
standard  acid  is  then  run  in  until  the  yellow  gives  place  to  a  jwde 
rose  tint :  at  this  point  all  the  caustic  alkali  is  saturated,  and  the 
volume  of  acid  used  is  noted.  Further  addition  of  acid  now 
intensifies  this  red  colour  until  the  carbonate  is  decomposed,  when 
a  clear  golden  yellow  results.  The  neutralization  of  the  NallO  or 
the  KHO  is  indicated  by  a  rose  tint  permanent  on  standing ;  that 
of  Xa2C03  or  K2C03  by  the  sudden  passage  from  red  to  yellow. 

Practice  is  required  with  solutions  of  known  composition  to 
accustom  the  eye  to  the  changes  of  colour.  Phenolpthalein  may 
also  be  employed  for  the  same  purpose  as  follows : — 

Add  normal  acid  to  the  cold  alkaline  solution  till  the  red  colour 
is  discharged,  taking  care  to  use  a  very  dilute  solution,  and  keeping 
the  spit  of  the  burette  in  the  liquid  so  that  no  CO2  escapes.  The 
}>oint  at  which  the  colour  is  discharged  occurs  when  all  the  hydrate 
is  neutralized  and  the  carbonate  converted  into  bicarbonate ;  the 
volume  of  acid  is  noted,  and  the  solution  heated  to  boiling,  with 
small  additions  of  acid,  till  the  red  colour  produced  by  the  decom- 
position of  the  bicarbonate  is  finally  destroyed. 
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of  amniouia,  above  tliut  reqi  i  invert  1I1-1 

mi"  normal  carboi  J  ammonia 

tin-  equivalent  of  ili«'  bicarbonate  present. 

Sxantf  ••)  :  20  ion.  KNUi 

o(  this  solution   required   li'l  •■.<■. 
•  I  |fm.   N-i-i':  50  c.o.  were  then  mixed  with   .»  CO,  of 
H  loidj  tnd  the  whole  treated  n  itti 
On    1  ■!■  ad  tl  1    ■  Lear  liquid  t 

'  l    -     ■  ablfl    '|ii:mtM\   :    1  lib;  is, 

ilent  of  the  CO'  as  bicarbonate. 

HOO"  :   ir8x-OM=-9P12irni. 
0"      (18*1     Ut  0159, 

ipler  plan  than  the  abovi  n  devised  hyThom] 

140ml  results  when  carefully  carried  out 

iIuLiou  of  the  sample*,  an  1  ul   norma]  caustic 

from   CO*,  is   ad  ted,  thi   CO1   La  then   precipitated  with 
i  lnride,  uiid   the  exec 

phenolphthaleiii  as  indicator.     Tim 
■  1  on  the  indicatoi   in  the 
;  1     it©. 


6.    Estimation    of    small    quantities    of   Sodic    or    Potassic 
Hydrates    in    presence    of   Carbonates. 

This  method,   by  Thompson,    has  just   I n  alluded   to,   and 

111  precipitating  the  carlioniites  by  neutral  solution  "f 

■  •Id:  the   h  nate   being  neutral  to  phenol- 

used  for  the  process.     Whan  the 

.    ijHjsition  0  ulting 

quantity  "i   ---I'    or   [mta-ssic  chloride,  while  the 

..  d,  aiul  the  alkalim 
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Example  (Thompson):  2  gm.  of  pure  sodic  carbonate  were  mixed  in 
solution  with  '02  gm.  of  sodic  hydrate ;  excess  of  baric  chloride  was  then 
added,  together  with  the  indicator,  and  the  solution  titrated  with  &  acid,  of 
which  in  three  trials  an  average  of  5  c.c.  was  required;  therefore, 
5  x  *004-=  '02  gm.  exactly  the  quantity  used. 

In  this  process  the  presence  of  chlorides,  sulphates,  and  sulphites 
do  not  interfere ;  neither  do  phosphates,  as  l>aric  phosphate  is 
neutral  to  the  indicator.  With  sulphides,  lialf  of  the  base  will  be 
estimated ;  but  if  hydrogen  peroxide  be  added,  and  the  mixture 
allowed  to  rest  for  a  time,  the  sulphides  are  oxidized  to  sulphates, 
which  have  no  effect.  If  silicates  or  aluminates  of  alkali  are 
present,  the  base  will  of  course  be  recorded  as  hydrate. 

Thompson  further  says: — 

"The  foregoing  method  can  also  be  applied  to  the  determination 
of  hydrate  of  sodium  or  ]>otassium  in  various  other  compounds, 
which  give  precipitates  with  baric  chloride  neutral  to  phenolph- 
thalein,  such  as  the  normal  sulphites  and  phosphates  of  the  alkali 
metals.  An  illustration  of  the  use  to  which  the  facts  I  have 
stated  in  this  and  former  papers  may  be  put  will  be  found  in  the 
analysis  of  sulphite  of  sodium.  Of  course  sulphate,  tluosulphate, 
and  chloride  are  determined  as  usual,  but  to  estimate  sulphite, 
carbonate  and  hydrate,  or  bicarlxmate  of  sodium  by  methods  in 
ordinary  use  is  rather  a  tedious  operation.  To  find  the  projK>rtion 
of  hydrate,  all  that  is  necessary  is  to  precipitate  with  baric  chloride 
and  titrate  with  standard  acid,  as  above  descril>ed.  Then,  by 
simple  titration  of  another  portion  of  the  sample  in  the  cold,  using 
phcnolphthalein  as  indicator,  the  hydrate  and  half  of  the  carbonate 
can  be  found,  and  finally,  by  employment  of  methyl  orange  as 
indicator,  and  further  addition  of  acid,  the  other  half  of  the 
carbonate  and  half  of  the  sulphite  can  be  estimated.  By  simple 
calculations,  the  respective  proportions  of  these  three  compounds 
can  l*e  obtained,  a  result  which  can  be  accomplished  in  a  few 
minutes.  It  must  be  l>orne  in  mind  that  if  a  large  quantity  of 
sodic  carbonate  is  in  the  sample  the  proportion  of  that  coni]>ound 
found  will  oidy  bo  an  approximation  to  the  truth,  as  the 
end-reaction  is  oidy  delicate  with  small  proportions  of  sodic 
carbonate.  If  there  is  no  hydrate  found,  bicarbonate  of  sodium 
can  be  tested  for,  and  determined  by  Lunge's  method  described 
above"  (?  16.4). 


6.     Estimation   of  Alkalies    in    the   presence    of   Sulphites. 

It  is  not  possible  to  estimate  the  alkaline  compounds  in  the 
presence  of  sulphites  by  titration  with  acids,  as  a  certain  quantity 
of  acid  is  taken  up  by  the  sulphite,  SO2  l>eing  evolved.  This 
difficulty  may  be  completely  overcome  by  the  aid  of  hydrogen 
peroxide,  which  speedily  converts  the  sulphites  into  sulphates 
(Grant  and  Cohen,  /.  S.  C.  I.  ix.  19).     These  operators  proved 
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bunnUtl  alkali  were  affected  i»\  H*0*t(lOT 

bad  ti  iiv  pnyudicial  e.fled  rm  methyl  orange  in  tfae  cold 

tiireil  in  anj  given  analysis  must  ile]it>iitl 

an    ti.  I    nf   sulphite   present;   for  uifitaiiee,   bus.   cevustie 

■iitaiii  nl i   BO     "t  sulphite,  and  it  luffioea 

■  iin.tiv  I"  voL  J I  -  *  >  -  Eoi  every  Ol  gm,  "I  the 
tn  solution.     I  m  Hon 

7*S?  Jna/yt-i:  A  measured  volume  oJ  tin-  pcroxidt  is  ran  i-cokcr. 

■   ■   ■  -1.      A>  the   11"  l:  w  iir 

the  acidity  is  rurefulljt  ron-octed  by  adding  drop  by  drop  from  • 

lysed  i<* 

I, during  the  boiling  the 

lied.    The  liquid  is  the  s  drop  or  two 

nrnre  uf  metlivi  orange  added,  and  ih«*  titration  for  the  proportion  ol  alkali 

ouTicd   ottJ   wiih  tbe  usual   way.     The   results  are  very 

7.      Estimation    of   Caustic    Soda    or    Potash    by    standard 
Bichromate    of   Potash. 

i-r m*  wu>  devisiM   liv  Riehter,  or  rather  tin-  inverse  of 

ikali    bj    tin-   .ii.l   ol 
Jein.       I   <  u  t    i — ii  It—  in.iv  !-■  nl>Uinri1  by  it   in  til 

5  drates,   I  i  amonia    £   rooonuaendeu 

1 1  or. 

lie  process  then-  are  required  id^-moi-mal  solution  of  bichromate  oon- 
■    ■  ■  U'7i  gm.  per  litcr.aud   ,'■,  soda  or  potash  solul  uu  titrated  against 
•  ijphm  a  liquid  ooutaiuiug  about  1  lthi.  of  monootoo- 

i   potash  in  ISO-    20U  <  ,c.  advisable  for  ascertaining  thi 

i  co.  of  the  alkali  being  diluted  with  the  same  volume 
«■(  water  is  coloured  with  phanolpbthalein,  and  the  bichromate  run  in  from 
.  the  fine  red  tint  changes  to  reddish  yellow,  which  remain- till 
tlitf  neutnl  point  is  nearly  readied,  when   the  yellow  colour  of  tin 

reduced  ,  i  taneous  as  with  mineral        i 

mo  most  bo  allowed  f*»r  tbe  true  colour  to  declare  it*clf. 


9.    Estimation    or   Potaah    in    Neutral    Salts    free    from    Soda. 

the  potash  from  a  tolerably  concentrated  solution  of 

tbs  wbstauoe*  wit  i  add  and  strong  alcohol.    'I* 

■If  lo  the  estimation  ol  |*>ta><li  in  |>ot:i>sie  platinum  rlifunde.     To 

in,  it  i>  well  to  warm  the  mixture  for  a   little 

time  before  adding  the  aleohol,  which  must  be  of  about  the  same  volume  us 

ifu  i  the  precipitate  bat  aattledtthl 

solution  i >eaker  and  precipitate  w»-Il  washed  with  equal 

nuxfture*  of  aloohol  and  water,  the  whole  transferred  to  a  white   porcelain 

basin,  wnt«r  mill  ag,  a   few  drops  of 

or   serai-normal    alkali    run    in    until    exact 

or  a  known  excess  of  alkali  may  be  added,  and  the  amount 

:  aeid.    Th  .-  nerally 

ing  to  the  difficulty  ol  in! '  .  <ang  thopre- 

'J  ■  ■]   ilk  i!:     1  .  M.  potaah. 
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The  process  is  very  limited  in  its  use,  ami  is  not  applicable  when 
sulphates  are  present,  nor  in  the  presence  of  any  great  amount  of 
free  acid.  Hulplmrk  acid  may  he  previously  removed  by  calcic 
acetate  and  alcohol;  other  acids  by  moderate  ignition  previous  to 
precipitation.  I^arge  proportions  of  ammonia  salts  must  also  be 
removed;  and,  of  course,  all  other  matters  precipitable  by  hydro- 
rluosilicic  acid,  especially  soda. 

9.    Direct   estimation    of  Potash   in   the   presence   of   Soda. 

Fleischer  recommends  the  following  method;  and  my  own 
experiments  confirm  his  statements,  so  far  at  least  as  the  pure  salts 
arc  concerned. 

The  solution  must  contain  no  other  bases  except  the  alkalies,  nor  any  acids 
except  nitric,  hydrochloric,  or  acetic.  This  can  almost  invariably  be  easily 
accomplished.  Earthy  alkalies  arc  removed  by  ammonic  carbonate  or 
phosphate;  sulphuric,  chromic,  phosphoric,  and  arsenic  acids  by  baric 
chloride,  followed  by  amnionic  carbonate. 

The  solution  should  be  tolerably  concentrated,  and  the  volume  about  25  or 
30  c.c. ;  10 — 15  c.c.  of  neutral  solution  of  ammonic  acetate  of  sp.  gr. 
1*035  arc  added ;  followed  by  finely  powdered  pure  tartaric  acid  in  sufficient 
quantity  to  convert  the  potash  into  acid  tartrate,  with  an  excess  to  form  some 
ammonic  tartrate,  but  not  enough  to  decompose  the  whole.  This  is  the  weak 
part  of  the  method ;  however,  as  a  guide,  it  is  not  advisable  to  add  more 
than  6  gm.  tartaric  acid  for  10  c.c.  of  ammonic  acetate.  If  the  quantity  of 
potash  is  approximately  known,  it  is  best  to  add  about  one-third  more  than 
is  sufficient  to  convert  the  whole  into  acid  tartrate. 

After  adding  the  tartaric  acid  the  mixture  must  be  well  stirred  for  five  or 
ten  minutes,  without  rubbing  the  Bides  of  the  beaker;  a  like  volume  of  95- 
per-cent.  alcohol  is  added,  and  again  well  stirred.  The  precipitate  contains 
the  whole  of  the  potash  as  tartrate,  and  a  portion  of  ammonium  tartrate. 
After  standing  half  an  hour  with  occasional  stirring,  the  precipitate  is 
collected  on  a  porous  filter,  and  repeatedly  washed  with  alcohol  and  water  in 
equal  parts  until  clean. 

When  the  washing  is  finished  the  precipitate  will  be  entirely  free  from 
soda;  filter  and  precipitate  arc  transferred  to  a  porcelain  basin,  treated  with 
sufficient  hot  water  to  dissolve  the  tartrates,  then  exactly  neutralized  with 
normal  alkali  and  litmus,  and  the  volume  so  used  noted.  A  like  volume,  or 
preferably,  a  larger  known  volume  of  normal  alkali  is  now  added,  and  the 
mixture  boiled  to  expel  all  ammonia ;  the  end  may  be  known  by  holding 
litmus  paper  in  the  steam.  The  excess  of  normal  alkali  is  now  found  by 
titration  with  normal  acid  ;  the  amount  so  found  must  be  deducted  from  that 
which  was  added  in  excess  after  the  exact  titration  of  the  tartrate ;  the 
difference  equals  the  ammonia  volatilized.  By  deducting  this  difference 
from  the  volume  of  normal  alkali  originally  required,  the  volume  corre- 
sponding to  potash  is  found. 

Example .-  29*4  c.c.  of  normal  alkali  were  required  in  the  first  instance  to 
neutralize  a  given  precipitate ;  40  c.c.  of  the  same  alkali  were  then  added, 
the  boiling  accomplished,  and  22*5  c.c.  normal  acid  used  for  the  excess ;  then 
40—22-5=17*5  c.c,  and  again  29*4— 175=  11*9,  which  multiplied  by  tho 
factor  for  KHO =0*056  gives  0*6661  gm. 

The  soda  in  filtrate  may  he  ohtaincd  hy  evaporation  with  hydro- 
chloric acid  as  sodic  chloride,  and  estimated  as  in  §  38. 
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XO.     Mixed    Caustic    Soda    and    Potash. 

This  lopomls  up -n  khn  fact,  tli.it   | 

..f  godii   : 

an  containing  tls«-  nixed  raits  a  standard  solution  or 

■   ii    'ill  neutral  <>r   faintly  toul     this    prodBMI  i<*-un  ii    tartrates 

' nit*  volume  nf  Mtundanl  !:irt;»i  c  ncid  (U  bi 

util    the  potassU)    hit.irit.tt.-  ^j.nratos  ullin*t 

>t<-lv,  ftUerofl  tin-'  SOttic  hittrlrati*  mul  titrate  the  filtrate  mill  normal 

ic   tool     the    quantity    required   equals    the   - 

rifl  acid  required  to  form  hi  tar  Urate  with  tin.- 
i   bo  Hi'-  mixture  "I"  tii 

■  I    to   t..rm    !■■ 

itit  ,  and. 

;le  r«>r  technical  ; 
nla   in    the  neutral  chlorides,   an* 

1  by  J.  T.  White  as   follows  (C.  A.  Ivii.  214);     20  0.0, 

_•  enn,  of   the  mixed  suite    are   placed   Into 

[i.c.  ol  bicarbonate 

'       mixture  is  >■  dcohol  added  in  auall  quantities,  with 

100  c.c.     After  three  or  Tour  hours, 
i6  clear  Squid  are   removed  with  o  pipette,  evapanl 

ued  with  ;i  few  dropti  of   unnionie  chloride 

i        of  which  represents  uoi  ^m.  CI;  tin-  ts 
t<»  NaCl  und  Lhe  k<  '1  found  bv  diffcrcui  ■■. 


11.      Potash   as    Platino-chloride. 

in  combuuttion   as  a   neutral  -alt. 
[nil   ..r  kie*  rit,  tic,  >>\   us  n  i  nnsti  minerals, 

double  chlui mIi1  of   potajuiuiii 
Hie  iiK'tlnxl  usually  uc]i)j»t("«I  is  that  "t  collecting  the 
Eotil.ir  ^;ilt  ujHin  i  t.ir.-il  filter,  when  thu  weight  "l  tin'  dr)  double 
iet lf  tin'  weight  "I  poUudi  is  ascertained  by  calculation, 
iwi'ver,  k<  arrived  at  by  volumetric  means  as  follov 

[inverted  lot  hloride  in  the  usual  way 

■  mixed  with  -lit  of  pure  sodio 

:  platinum  crucible;  t  ion  results  in 

1  ■     ion  "I    tnolnllk  platinum,  chlorides  ol    sodium  and  potassium, 
rbonato  of  soda.    The  quart  -Ii  present  is,  bowavw1, 

hloi  inc  .  in  order  to  arrive  at  this,  the  ft 
will)  water,  filtered,  nearly  neutralized  with  acetic  arid,  and  the 
1   chromate,  the  number  of  e.c  of  silver 
iltirdied  l>\  the  factor  U'00157,  which  (rives  :it  once  lhe  weight 
Tin ■  leosuse  1  moleoule  of  double  chloride  contains 

Lhe  quantity  ■  mm  I) 


12.      Separation    of   the    Potash    aa    Bitartrate. 

oasible,  n  sal  u 
added  in  excess,  and  the  whole  evanon  I 
I..    Tbodrj  mass  is  then  deprived  of  the  excess  of 


oS 
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ir. 


oodic  bftaitri  -Hi  u  01  Uar  with  a  vUurnted  i 

bi  tartrate  ;  when    ill    tl,  been    rein- 

dissolved    in  hot  water,  and   titrated  with    normal  alkali,  <>f 
reprewnN  0*OB9   frm.  *v-    !■  caaos   where  p  nt«d  ju 

Htartrato,  il'  -.',.  2  and  3. 


13.    Indirect  Batlmation  of  Potash   iDubentrd]. 

This  ptoeen  is  ingeniuua,  hat,  like  all  attempt  utsag 

this  baM  Tolmnetricully,  is  not  very  exiu-t,  exuej-t  wil 
precaul 

Th*  Jnah/xi.t:  The  poUiBto  mlt,  ai'iiltfii 

iplatil 

ndnotd  !•>■  /.inc.  and  than  determined  by  means  of  standard  silver  nitrate, 

[forfdga,  nitrate?.,  ate,     12  to  15  parts 

of  Boaic  cbloro 

silver  nitrate  in  1000  of  writer.     The  solutions  arc  slumlord! zed  as  f--i 

of  the  platinum  solution  are  redu 

small  quantity  of  sine  powder,  the  whole  of  i  i  i  *  -  platinum 

and  all  the  chlorine  remains  i  ilondes  of  zii  odium; 

the  solution  i*  made  up  to  100  cc.  and  filtered.      I     50  cc.  oM 

chlorine  Es  determined  bv  titrating  with 

ore  repaired.    Than    i«>  x  4  -  160  ■  thi  f  ■-..*.  wl 

oorrevponds  to  20  cc  o(  the  platinum  solution.    0*5  gm.  of  itotajwe 

or  nlphnte  La  then  dissolved  in  :i  few  cc  of  « 

the  !><>tuhwiuiii  precipitated  «itlt  2u  cc  uf  the  platinum  solution, rood 

volume  made  up  to  loo  en.  with  alcohol  (95  per  oenl  olutiofl 

i.  and  60 ©.<  tuoed  by  boiling  with  u  little  tine,  i 

to  loo  cc,  and  filtered;  Ckj  cc  of  this  filtrate  is  titrated  wit! 

solution,  of   which,  ray,  12  cc  are  required;  then   12  en.  x  4  s 

subtracted  from  160  o.c,  imveaonts  the  amounl  or  chlorine  precipitated  as 

potawc  ehlomplatinato  b 

aonanaadi  bo  0*8  gsx  of  (KrtajMe  nitrrtw,  <>.,  t<»  0481  K-'O     T«>  <!■ 

now    the  amount   of    potassium  in  juiv  sdl   the   process  just  descr 

' .  taking  10  cj    •■).    loo  0  gm.  of  the  mlt  i* 

The  amount  ol  chlorine  present  in  the  sail 

hy  titration,  and  allowed  for  before  H  <mt    of  pouwsiaa. 

Tim*,  it   the  notation  (i.e.,  0'5  gm.  of  the  Kampli 

8  cc.  of  the  silver  solution  and  27  cc,  were  required  of  it  after  1 1 

with  sine,   i;  i  ktion   would   be   {27   x   4—8)    i  i  IOC    i 

100  x  0"''M2 

=  0207  tfm.  of    jNitush   in  0*5  uned 

41*40  per  cent,  of  K  O. 

Thie  pro  illy  examined  tinder  tin-  iUn  - 

i  h ■.  Wih  \  I  ( '.  X.  liii.  176 
in  estimating    the  clilurine,  the  coi    I  .ir«>  md  - 

iven    me  no    difficulty  when    using    ]*ititAsi<    elu 
us    indicator,  taking   the    precaution    t"  add  a    littlu 
carbonate  t<>  insi  lity.     It  Iuls  given  ; 

with   tolerably  pure  and  mucentmtad 
nitrate,  suJ  i<  I    i  nlnridc     I    dmilit  it«    \  rvlin    li< 

mnU   [lercentnge.s  uf  |mtnidi   in  Tin- 

•  is  rajiid  and  easy,  but  i  ire  dnmlil 
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of  the  douhlo  chloride  to  avoid  Ion  by  evaporation 

rhe   solution*   precipitated  by  zinc   i 1  no 

ipidly.     f$  silver  aolntion  unavailable  for 
i'jiNiiiitu  ;  the  weak  point  in  the  process  is  pn 

-  dine    liqi  Ida    affecting    the        I  i    i      of  the 
indicator. 


TECHNICAL    EXAMINATION    OF    SOME    ALKALINE 
COMPOUNDS    FOUND     IN    COMMERCE     OR    OCCURRING 
COURSE    OF    MANUFACTURE. 


IN 


auiiiiitv  uiuong  Kngliah  and  !■ 
dkaline  mmy*  ethoda  of  anal} 

:  Inure    in    manufacture    or  COianii  I 

1     important    papem   "ii    the 

8,   &   f.   i.  12,   16,  05,  92V  also  in  conjunction  with 

r   in   the   Alkali   Mafa  n»'    Pocket   Book,*  which  oontaina 

ind  processes  nf  annlvsis.     So  fur  as  volumetric 

will   be  given  hero  with 


14.     Soda   Ash,    Black   Ash,    Mother-liquors,    etc. 

>da  Amh  or  Refined  Alkali. — Jur  10  RD.  M  I  malum!  ISO  CO. 

wnnii   dictflled   water,  nnd  :mv  insolnhle  matter  Bttered  oil  (Qetmsfl 

do  Dot  filter),  nod  the  volume  diluted  to  £  or  1  liter, 
total  qoantit  i  L*  determined  iu  50  0.0.  by  normal  Milpburir, 

hydrochloric  arid,  as  iu  §  16.  l.t 

i-  ijttautilv   u!   [auutic  alkali  present   in  any  sample  is  determined   u 

?n<  rtained  by  tho  smell   of  sulphuretted 

lien  t Ui-  alkali     -  *atu  rated  with  an   laid,  or  by  dipping 

uto  tho  solution:  if  the  paper  turn*  blue  or 
Iphide 

;  sulphide  and  sulphite  may  be  determined  by  saturating 
solution  --i  the  alkali  with  a  slightcxces  -'id,  addiug  starch 

with    f^,    iodine  solution   till   the  blue  rolour  api>ears,      The 
"line  required  is  the  measure  of  the  sulphuretted  hjdfogeo 
I  present. 

mated  as  follows: — 13820  1:111.  of  pun* 

od  iu  dilute  nitric  acid,  and  the  solution,  together  with  an 

nude  up  to  a  liter.    Each  QAl»a«OpO06  gOL  NaaS. 

T**  AnatytxA .-   lOo  co    ^f  Um  I  to  boiling,  »omo 

Ainoiotiia  added,  and  the  silver  solution  dropped  iu  from  a  burette  until  no 

ipiUte  of  Ak*S   is  produced.     Towards  the  end  filtration  will  be 

oeoeeairy,  in  ordei  which  end  the  lioale? 

unt  of  Na*S  so  found  is  deducted 
>m  the  :  id  sulpliite  found  bj  iodine. 

1  salt)  may  he  determined  by  carefully  neutralising 
of  tin:  alkali   with  nitric  acid,  and  titrating  with  deauORBe]  -il\-r 

Street.  CoTout  harden, 
a  tlijrbi  error,  owing  to  trace*  of  alumtoato  of  eoda  anil  lime,  wluVlj 


;0 


VuLi 


§     III. 


solution    and  rcpi 

du  -<iiit.    8in< 
ha*  already  been  found,  toe  prop  -  nitric  acid 

■N'-.i. 

;.   §  78, 
Bull  '■.'•   nr  (tm.  of  nunnal  baric  chloride  fe  equal  t"  uo7l   pi 
bate. 
Examination   of  Crude  Soda   Lyes  and  Red   Liquors. — Ka 
and   Bpuller  [JX*gl.fulyt.  J„2&\ 

, 
in    ulkn.  nation    is    performed    in    l.li 

1 .   -Thi 
lie-  liquor  under  exauunatioti  h>  titratinn  wit 

Bed  m  iiidi'  .  ' 

sulphide  dkaline 

had    NaHBO*   neutral   to  methyl  o  !      u    i  |u*l   roUime  of   tin* 

fiqnor  is  titrated  wild  ;'„  solution  the  volurai 

ponding    wiili    the    iouxq    sulphide    -    the    sodic    sulpfc 

I  I  '  •  -:    '1       ill       (    I    I 

11  j'n-rijut.iii'd  WlUl    in  iilkului'!  zinc  solution,  Mid    ilu    m  ke   apt* 

i  reii.nn    DMMOre,  mil '-halt   ■  >!    whi 

bo,    The  Iodine  oouaumed  equauisodii   nilphit  thiasulphate 

•k — Tin.  the  volume  of  liuuor  used  in  (1)  and  (2)  i« 

«ith  an  a  solution   of   boric  cnloride,  (he  m  le  ap  bo 

-fourth 
case  iiimv  Ix'j  "l  the  filtrate  i*  titrated  with   m 

Jir     hydroxide  itilpbite. 

(i.)    A  new  third  nr  fourtfa  of  the  nitrate  i>  add]  with  ft 

amed   beiug  equal  to  eouio   sulpni 
itf.     Thi  rulniluti.m  El  hum  i :  — 

|£  \  o,o.  ,*,  iodine  oorrosp  i 

^   — 3    B  <    .  n  iodine  cor 

It— (I—!  C 

,',lt  !>■  ".  uorn ml  acid 

1  — (4a  t  ,    A  i  B  o.o.  n-Minl  Hpondlng  to 


S    :'S 


Black  Aah. — Digest  60  gm.  with  warm  water  in  *  1   liter  nask,  fill  up  Dj 
in  irk.  and  allow  to  settle  otear, 

Mi     Total  Alkali  exwl  bnnate,  hydra  to,  ami  mil  otrndfej 

titmiin  orange  in  the 

iL'i     Cangtic  Soda.    20  c.e  or  the  liquid  i-  put  tntoalOOcjc  naak  whh 
0  o.o.  of  solution  of  1 
lint  water,  well  ahakou,  and  corked  afters  I 

liquid  is  filtered,  and  BO  e.c.=l  gin,  aah,  titrated  with  f-ta&d 
Diethyl  urauKe;  or  il   may  he  titrated   without   liln 
aold  and  pbenolpl  I  u*cd,  this  acid  Imviui    > 

carbonate,     Each  <-.<•.  normal  arid  =  0031   Na-O.    Thi.-  includes  sulpl 
(8)     tiodia  Sutpkidt .  -  Put   10  <■  e,  of  liquor  int< 

id,  dilute  i"  al I  200  r.c   and  titrate  with  ,*    i 

Btofa  i  0081  Nr", 

(t)     Sodte  CKlorido.     10  •  ■  •     are  ncutruli; 
aold, and  boiled  till  all  H-s  i<  evaporated.    Any  sulphiu 

i     precipitated  is  filtered  off,  ami  the  filtrate  titrated  with  ,* 
rlunii:  I      h  e.r. »  O'Ott&f 

(ft]     6*o4fc  tjutpkatt      This  is  ImwI  entimated  bj 
I  iny    the  i|u  mtil  y  In  i 
ktiou  isdetnred,  il  may  he  done  as  in  §  7  [uor. 
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For  other  method*  "f  examining  tin*  veriouj  solid  and  liquid 

.ili  n  i         i     I  for  aoiln  and  sulphur  recovoiy,  etc.,  U  i 
fcrrnd  t-i  the  Alkali  l/aJta  ■'  ['osiet  Bool  already  mentionod 


15.     Salt    Cake 

the  impure  sodi<  us..!  in  alkali  manufacture  or  left  in 

m  retorte  in  preparing  hydioahknio  acid  from  sulphuric  &oid  and 
It.  or  nitric  acid  from  wxKc  pitratft.     It  generally  contain 
sulphuric  acid  existing  as  eodic  biaulphate,  tin-  quantity  <»f  which 
ined  by  dived  titration  with  noftnal  alkali 

The  common  eall  preaaul  is  estimated  by  ieoinoriua]  silver  solution  and 
romate;  having  ftnrf  aaturated  the  free  add  with  pure  iodic  cartx 

OX.  or  1  dm.  silver  lolatioa  i*  equal  to  0'003837  inn.  i>r  U05SJ7  ffra.of  salt. 
combined    with    soda,    i      estimated    cither    diru<'tlv    Of 
indirectly  u  in  §  73;  l  ox.  or  I  dm.  of  nomal  baryta  solution  ts  equal  to 
"71  (pn,  or 0*71  grn.  of  dry  aodio  sulphate, 

Iron  i*  preeipibited  from  »  Altered  lolntii ....  Jte  with  inu 

excese.  the  precipitate  of  ferric  oxide  re-diaaolTOd  In  rohphnric 
hu*ed  t«.  the  ferroui  elate  aith  nnc  end  titrated  with  parnn 

i  method  suggested  by    BohUg  (see  ?i  28), 
and  has  worked  out  the  process  in  the  cose  oi  Ball  cake  in  careful 
foil  (G  If.  xlL  L14)w  fbllowi 

The  aantral  aohition  «.f  salt   rake   ki."»  jrm.)    la  pal  into  a  sou  <*.r. 
-k.    830   o.c   of  a  cold   aatarmted   solution  of   baric    hydi 
flu-k  BUed  with  water,  and  ihehen  on.    Of  the  bltead  dear  liquid 
are   pal    In   an   ordinary  flask,  carbonic   add   passed   through 
r  about   ten  minutes,  ami  then   the  oontante  of    the   Sank   boil 
to  d*  ric  bicarbooate  which  may  be  in  nihitfon. 

the  contenta  of  ill'1   basic  ;ir>'  again   taanaferred   t<«  Mm  600  CO. 

\,  the  latter  filled  ap  with  water  to  the  mirk,  ahakan  as,  and  Stared. 

the  nitrate  —  i.e.,  one-fourth  of  the  original  quantity  uaed— are 

ion  titrated  with  one-fourth  normal  nilphoric  acid.    The  number  of  c.c.  of 

te-fourth  uormaj  and  usn.-d  multiplied  by  two  will  give  the  peroenl  i 

lie  BUJpl 

Tbon         i  ■■■■  out       ■■!'  error  in  the  experimental  working  of  this 

hich  make  certain  r(vrreriinn>  necessary.     They  arise — 

(1)    From  the  inrj  tic  baryta. 

m    From  ili"  precipitate  formed  in   hi  i  u     trad  liquid. 

(3)    From  certain  oonatanl  losses. 

immercial  caustic  baryta  always  contain*  banc  nitrate,  and  sometime* 
oUottde.     It  i>  evident  that  on  adding  a  solutioi         boric  hydrate 
■   nitrate  t<>  u  solution  of  sodic  Bulphate,  a  quantitj  of  the 
equivalent   t<»  the  quantity  of   the  baric   nitrate  prc-ent,  will   u» 
iverted  into  sodic  nitrate,  and  thus  escape  the  nlkalimctrio  test,  as  will  be 
by  the  following  equations: — 

HiiAn 'i      \:,-SO'    BaSO<  l-2NaNO* 
BaXNO^+aNaOH    ■         I    CW+aNaNO'+HK), 
It  i«  therefore  necessary  to  measure  approximately  the  quantity  of  baryta 
;   io  a§  to  know  the  amount  ol  baric  nitrate  hotroduced  i n i< h  tin* 
The  Litter  can  be  easily  ascertained  by  pissing  carbonic  aotd  in 
through  tit**  cold  saturated  solution  o)  bai  ic  hydrate,  boiling,  altering 
i       it  left   in  solution  by  sulphuric  acid  as  uanaX 
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■j'-u  r.c.  of  a  baryta  solution  used  For  experiment  yielded  0U280  (fin.  Ba80\ 
which  onnaapoiull  to  00171  gin.  NasSO\  or  0"9ti  ex.  of  one-fourth  normal 
:i«-i<l :  and  it  follow*  that  U<r  paarj  25o  BjQ.  i>r  this  baryta  solution  wu  found 
0-0171  gm.  NlftO1  toe  little;   ->r.  tint   thcrr  mnat  be  add  D.  of 

one-fmtrtli  noma]  "id  to  the  revolt  or  the  final  titration  (of  one-fourth  of 
Efa*  original  i  Ii  the  baryta  contain  caustic  alkali,  a  CfliTOQpQIfctfing 

quantity  of  baric  nitrate  will  be  found  le»  by  tho  test;  but  it  is  easily 
understood,  that  the  calculations  will  not  be  influenced  as  long  M  the  baric 
nitrate  i*  in  excess  >'t"  thi<  wustic  alkali,  which  b  always  the  ease  in  good 
DoamuKObU  baryta. 

irises  from  tho  precipitates  of  baric  sulphate  and  carbonate 
taking  up  <«.ime  ijiooe  in  tho  500  c.c.  ft&<k.  tho  final  results  thus  being  found 
*•><►  hiu'h.  U  it  i*  assumed  that  i  ooM  saturated  solution  of  baryta  contains 
about  88  gov  BaO  per  liter,  ii  will  bo  Dear  enough  f<»r  all  practical  purpose* 
if  in  the  cxpcriim m.  waiting  with  8*56  gin.  of  Na5!?©4  and  230  c.c.  of  baryta 
Milulum,  0*4  per  cent  u  suhtni.  Bed  fn.in  Ihe  final  results  for  Ibis  error. 
Throe  experiments  made  with  355  gm. of  pure  ignited  sodic  sulphate  gave 
Sowing  rculN: — 


Uted  one-fourth  normal  eeld 


49-89  ba 

0*4  - ..-. 


49-01  cjc. 


=00*22  per  cent  NVS»  >*. 

II 
thai  one-fourth  nonnfj  acid    ... 


A.I.I  i. 


k'15  c.c. 


-96*90  pei  so*. 

in. 

U*ed  one-fourth  uormnl  acid    ...     -JI>*37  c.c. 


Add  for  Un\»« 


40-tlI  .  . 
«W22  per  cent.  Na*SO*. 

The  average  df  kheet  three  eYperunenoj  gives  99-1  percent  j  and  ir 
-uMnicted  for  the  precipitate,  the  result  i«  shj  7  » . 

or  100. 

Qrowmao  states  that  this  lots  of  1  :i  percent  in  working  with  B 
.,1  Hllphate  in  the  given  dilution  u>  a  constant,  and  by  dividing  all  rcsiil- 
0*967  correct  reeulni  art  onafned. 

It  now  remain-  to  thaw  tlw  applicability of  thi<  method  to  the  .urn?  of 
>;ilt  o*e  and  Hke  substances.    *Ae  followi,.  ,  A 

aanpb  Of  MM  'ike  made  in  the  usual  way: — 

Moisture      ... 

[naoluble    ...     ... 

Fne  -ulphuric  hydrato      

Aluminium  sulpha tu ... 
Ferric  sulphate    ..     ... 

■■  sulphate  .... 

Sodic  chloride 
Sodic  sulphate  (by  difference) 

loo- 00 
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n(  examining  the  various  -"li«l   am!   Ii(|ui«l 
■  ■til  ami  sulphur  n-ci'V-rv,  i  tc,  the  reader  is 
/'■"  kcl  H  mly  mentioned. 


15.     Salt    Cake 

ilpbatn  used  in  alkali  manuiai 
ig  hydrochloric  acid  from  aalphoric  acid  and 
terally  contains  free 
Lljttnn  as  sodic  bianlphntp,  tli"  quantity  of  which 

> in*-,  t  titration  with  normal  alkali. 

rma]  lurer  solution  and 
saturated  thi  with  pure  iodic  carbonate, 

r  solution  i-  equal  \»  O'l  or  0'0S837  -ni.  1 1 

Bulpfauric  acid,  ted   fither   directly   or 

I  dm.  of  normal  buryu  solution  isequ 
n    ■ 

.  i  ir-.ui  ;)  flll  |co  with  an  m 

i     precipitate  of   rerric  oxidi  <l   in  sulphuric  sold, 

■  i-  state  with  dim  and  titrated  wrtl 

ismau  arlopte  n  method     a        bed   by   Bohlig  (see  j  28), 
-  in  the  •■.">•  of  sail  cake  is  careful 
\li.  114)  aa  follows:— 

QB.)      is    put     UltO  "I    7t\}0    f  c. 

;•■!    solution   of    bane    hydiati  added, 

fla>k  filled  with  id  shaken   up.    Of  the  ftiterad  clear  liquid 

are   pu1    in    on    ordinary   flask,  oarbonie    acid    pasted    through 

nta  of   the   flaak   boiled  n 
arbonate  which  may  1*'  in  solution. 
■    .n  of   tin-   flask  arc   again    transferred    to  th<    BOO  o,e 
:  up  with  water  to  the  murk,  shaken  up.  and  I  I 
•.  c4  tin-  Un  one-fourth  of  the  original  quantity  naod-ara 

vith  one-fourth  nonnaJ  sulphuric  acid.    The  number  <-f  o.e,  "i 
■th  norma]  multi]  lied  by  two  wiU  jive  the  pereentaga  of 

bowerer,  sources  of  error  in  the  expfrimont.il  working  of  tttii 
i    i  kt*  certain  corrections  necessary.     They  arise — 
<  ii     Prom  liif  impurities  of  the  caustic  baryta, 
(2)     From  the  precipitate  formed  in  the  measured  liquid. 

n1  losses. 
■  baryta  always  contains  bono  nitrate,  and 

thai  on  adding  a  solution  nf   baric  hydrate 
■  ;  ion  of  Kudie  sulphate,  a  qua  u 
lo    the   quantity    of    the   baric    nitrate    present,  will    he 
ipe  the  alkali  metric  teat,  as  will  bo 

118: — 

Ka<V  SaSO*  -  SNaNO1. 

0»)'H  2>  iOH+COI^BaCO'+2NaNO>+HK). 

soessary  to  measure  approximately  the  quantity  nf  baryta 

|.i  kium  the  lunnunt  nf  baric  nitrate  introduced  into  the 
lined  by  passing  oarbo 

.  boiling,  filtering, 
by  sulphuric  acid   as    usual. 
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230  c.c.  of  a  baryta  solution  used  for  experiment  yielded  0*0280  gm.  BaSO4, 
which  corresponds  to  0*0171  gm.  Na3SO\  or  0*96  c.c.  of  one-fourth  normal 
acid;  and  it  follows  that  for  every  260  c.c.  of  this  baryta  solution  was  found 
0*0171  gm.  Na*SO*  too  little ;  or,  that  there  must  be  added  0*24  cc.  of 
one-fourth  normal  acid  to  the  result  of  the  final  titration  (of  one-fourth  of 
the  original  quantity).  If  the  baryta  contain  caustic  alkali,  a  corresponding 
quantity  of  baric  nitrate  will  be  found  less  by  the  test;  but  it  is  easily 
understood,  that  the  calculations  will  not  be  influenced  as  long  as  the  baric 
nitrate  is  in  excess  of  the  caustic  alkali,  which  is  always  the  case  in  good 
commercial  baryta. 

The  second  error  arises  from  the  precipitates  of  baric  sulphate  and  carbonate 
taking  up  some  space  in  the  500  c.c.  flask,  the  final  results  thus  being  found 
too  high.  If  it  is  assumed  that  a  cold  saturated  solution  of  baryta  contains 
about  23  gm.  BaO  per  liter,  it  will  be  near  enough  for  all  practical  purposes 
if  in  the  experiment,  working  with  3*55  gm.  of  NaJSO4  and  260  c.o.  of  baryta 
solution,  0*4  per  cent,  is  subtracted  from  the  final  results  for  this  error. 

Three  experiments  made  with  3*55  gm.  of  pure  ignited  sodic  sulphate  gave 
the  following  results : — 

Used  one-fourth  normal  acid    ...    49*37  c.c. 
Add  for  Ba(NCH)a      0*24  c.c. 

49*G1  c.c. 
=99*22  per  cent.  NaSSO*. 

II. 

Used  one-fourth  normal  acid    ...     49'2l  c.c. 
Add  for  BafNO3)2      0-24  c.o. 

49-45  c.c. 
=98*90  per  cent.  Na2S04. 

III. 

Used  one-fonrth  normal  acid    ...    49*37  c.c. 
Add  for  Ba(N03)s      0*24  c.c. 


49*61  c.c. 
=99*22  per  cent.  Na2S04. 

The  average  of  these  three  experiments  gives  99*1  percent.;  and  if  0*4 
per  cent,  be  subtracted  for  the  precipitate,  the  result  is  98*7  per  cent,  instead 
of  100. 

Grossman  states  that  this  loss  of  13  per  cent,  in  working  with  3*55  gm. 
of  sulphate  in  the  given  dilution  is  a  constant,  and  by  dividing  all  results  by 
0*987  correct  results  are  obtained. 

It  now  remains  to  show  the  applicability  of  this  method  to  the  assay  of 
salt  cake  and  like  substances.  The  following  is  a  complete  analysis  of  a 
sample  of  salt  take  made  in  the  usual  way : — 


Moisture     

...      0*49 

Insoluble    

...       029 

Free  sulphuric  hydrate     

...      038 

Aluminium  sulphate 

...       0*23 

Ferric  sulphate 

...       0*42 

Calcic  sulphate 

...      1-17 

Sodic  chloride    

...       2*00 

Sodic  sulphate  (by  difference) ... 

...     95*02 

100-00 
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In  unlrt-  to  make  ■  good  imlyvii  of  ieJt  eake  by  w  accessory  to 

i  ity  ol  actual  todlo 

•titnciit  wanted, 
added  to  n  solution  of  suit  cake  the  free  B 
i  to.  ted.  «>  are  alumina  and  iron,  and  the  wlphttliq  Hud  ffOinWlMld  with 
mil  with  lime.     1  parti j  thr-mn  down  M  BUCfe,  and  whut  if 

liuif  ;  EpHated  ai  o  motion, 

her  snlphate*  be  present,  only  Ihe aodxc      I    i        •  given; 
thue  able  bo  ilt  which  forni'Tl 

■  oui  complete  in  ■ 

yaw  w  (riven  above,  wu  tested  by 
3'55  inn.  required — 


mrth  narmii 
Add  ror  Ba<NO 


16*96  r.e 


47*1'.' 
=**•«*  pet  cent.  Nn^SO4. 

vi'  per  coat  KettO*. 

by  the  itlkal  -t,   95*9  per  cent   Na  '.*■■'»■  ■ 

■  unt,     It  it  1m-  considered  bow 
i  Botln  suits  completely  from  precipitates,  it  ia 
■  tin<i  tic-  result  loo  low  in  the  complu  i 

minute  i|n:intit\  will  make:  op  0-2 

.irv  i"  point  oat  that  acne  <>f  the   I 
ion  i>f  tin-  ■  ted  iibove  run  be  mea  by  any 

irking  by  this  method,  but  tl*.it  they  must  be 
ry  intliviiluflJ  raise.     It  i<  uhaolutely  necessary  to  ascertain 
I--  ftral  r»j>erution  that   there  is  no  sulphate,  and  after  the 
inj;)  tli.il  there  i-  ii"  solution. 


10.     Raw    Salt,    Brine,    etc. 

be  estimated  by  precipitation  with  ammonia  oxalate,  end  the 
United  with  permanganate,  ai  in  §  4H. 

Magnesia  ;  Mil  :»s  ammoninettl  Tdiofrphate,  by  i  solution  of  sadie 

m'.l'  ammonia,  tir-t   removing  the  lime  by  aiutu 

-  hroii^fat  on 
nonia.  then  dissolved  in  acetic 
ird  uranium  solution,  or  by  the  process  for 
1-2). 

k>  may  be  ascertained  bytroatuura 

lulion  with  caustic,  baryta,  boilwfr,  vetting  aside  that 

to  itself  in  carbonate,  or  more  quickly  by 

,  orating  the  mlutinn  to  dryness, and 

Tl     low  of  woijrht  between  thw 

■ly-K  will  bdoi  'tage  of 

17      Silicates    of   Soda    and    Potash. 

-tanco  is  gently  ignited,  until  no  aqueous 


M 


iff,   nnd  the  residue  weighed  -thu 

lined. 

Iher  portion  of  the  nub?  dissolved  in  hoi 

M'ith  Ktmuaand  noma]  acid  boiling,  or  with  methyl  oraui 

fOhui  potash.     Solid  all 

le  be  finely  powd  m  to  solution  bo  bet  waier. 

18.     Soap. 

The  method*  here        i  .1  combination  «-f  thus*  pul  1 

bj  A.  B.  I.-. ■<],(<'  .V.  xlvni.  166)  u*1  C   R,  -\.  Wright  I 
1685,  Mir,  also  ./.  \  c  /   i».  631). 

1.  ,..,,/   It.i.tf.lr-    \i.itt*rM. — 16  gin.  are  dri 

w.  11,-hl.  i;-  ISO    C. 

Frrr  F<i/s.     Raaidui  ol   i   is  exhausted   with  light  i m- i r . 
and  the  extra  nation  of  the  e^her,  weighed. 

Fatty    Acid*,    Chloride*,    > 
front  (9),  which  In-  bean  treated  with  ether,  represent*  15  Lfm.eoap; 
weighed,  »nd two-thirda  of  it  an  lv<  irmal  nitric 

added  in  exoesi  t"  separate  the  fatty  acids.    Tl; 
Biter,  dried,  and  weighed.    The 

orpohuh  (free  from  chlorides  or  sulphates),  with  [thcnolphthali 
the  differenoe  between  tli''  volunv 
total  dkali.     Tl  neutral  liquid  is  divided  into  two 

of  which  chlorine  is  eatimated  witl 
other  mlphurii     cid         101   :      I    ric  rhloride.     If 
i       Muter'-  oo 
iv  ho  waver,  often   largely    used  real   soaps  in 

tflycerine :  when  both     i  on  is  difficult,  but 

lit.  niggosjts  the  metnod  of   Febling  for  the.  sitpu*,  lirxi   n 
I  H.  solutiu  i 

colorimetriosilj,  using  for  compai 
rine  to  known  exl 
( 1 1     Free  and  Total  Alkali.    These  are  obtained  by  WriB;ht*i 
Two  or  three  grama  of  the  soap  is  boiled  with  96  per  \ 

1  off  and  real  ed  «itli  alcohol.    Tht         tion  so  obtait 

be  either  positively  alkaline  with  caustir*  alkali,  or 

the  raeajfluoa  of  fatty  acids  or  ■  diacid  I  of  «wp 

ami.     Phono!  i  ie  added,  which  shows  i  I  kali  i* 

present,  and  >"  accordance  with  thi-*  oithei 

or  titration.    Thi  n  the  filter  i*  then  disnolved  in  watt 

titrated  with  norma]  or  decinorrual  acid;  the  alkali  so  found   may 
carbonate,  silicate,  borate,  or  atuminate  of   soda  or  pot 
soluble  lime.    Tho  sum  uf  the  two  titration*  will  \w  the  totnJ  xlkaJ 
caw  both   showed   hu  alkaline  reaction;    if   otherwise,   I  he  tilkul  i 
Dtodnoe  s.  colour  in  the  alcoholic  extract  ■ 
used  in  the  water  extract.     This  method  ot  taking  thoal 
is  way  fairly  exact;   the  error  ought  never  to 

Wilaou  {C,  If.  lix.  280  I  the  estimation  ol  ir  ■  dkaKin 

hitfli  class  soaps,  containing  no  free  (flyoeridoa,  by  the  alcoholic  roi 

luu    m   the   caae    <>i    coi  ups    it 

misloedtnf 

Tlic  method  oi  C.   Hope  is  undoubtedly  the  quickest  and  ! 
examination  of  the  iUi  oholii   soli  lion  ol  - 
in  hot  oohol,  n  drop  of  nuenolphtlmlt'in  indiout 

bubbles  "f  CO"  passed  through  til  our  dixappca 

iogof  total  impurities  i-  nu.*hod  with  hot 


ALKVLINK    KABXH& 

■    ; 
dcoholio  solul  i  ited   to  dryness  at 

loo3  C.  tod  the  '1:  zbed.     It  a  then  gent  ■ 

i  methyl  orange  to  find  the  alkali  existuu; 
Tin.-  difference  between  Lhi*  and  Mu  orej 

ihydrides,  which  multiplied  by  L*09 

led uc ting  il'  af  the  irapai  i 

[00.     Fuller  Mussubjeol   \my  Ik?  found  in  AIKmi's 

Organ ..  mil  in  Lant  Carpenter'.1*  treatise  on  Sn.iji  and  Candle*, 


TITRATION    OF    ALKALINE    EARTHS. 

17.     Staxdard  1i\  "i-  nitric  =  i  *  -  i  *  1  ill  cases  ba 

ton  "t  the  caust  I  alkaline  earti 

ii  [ding  ><'hil»l«*  compounds,  except  in  the 
nesia.      The  bydra  i  tuvtac  linn-,  boi 

■   nr  magnesia,  may  ,-ll  be  i  Btimated  !•;.  .my  of  the 

ridtiiil  method,  !>.,  adding  ;i  kn  sss  of  standard 

.my    trace  -»f    CO8,    ml    re-titrating  with 

me    buses    may  <>f  course    also  be 
ne  way,  bearing  in  mind,  tli.it  trhsD  methyl 
ised,  the  liquid  i^  beat  cooled  before  re-tatratfon     All 
ided  when  using  methyl  in   titrating 

I   hrdrub*  and  «  nrhonatea,  o\  tin-  latter  only,  unless  it  i> 

i    the  euld.      A  good 
;l  i^  gnm  i  iunt 

nnmunt  "t  Utse  in  mixtures  of  caustic  and  carbonated 
alkaline  earths  is  also  estimated  in  the  same  way. 

Estimation  of  Mixed  Hydrates  and  Carbonates. — This   may 

tither  by  phenacetolin  <»i   phenolphthalein  as  indicator. 
The  formei  baa  beeu  recorumeuded  by  Degenei  and   Lunge:  the 
quires  practice   in   order   to   mark    tin 

The  liquid  containing  the  compound  in  a  fine  state  of  division  U  tinted 

ol    n   faint  yellow;   rtnndard  arid  is  then 

[icrnmnenl  pink  ■»■-. rurs  (al  this  stajfe  all  the  hydrate 

■  hiut  t-auliniislv  addod  until  the  colour  becomes  dee]' 

n ,  the  Tolume  ot  acid  to  used  represents  the  carbonate. 

-  .  >jMi  nillv  adapted  to  mixtures  of  calcii  hydrate 
applicable  on,    hut   not    t<» 

■     ■  ■  insriluhilit)  nf  magnesi<   hyil   i 

icid.     It'  phenolphtli  <;<-.l  as  indicator,  the  met  i    I 

:  — 


II. 


laly  atld  ttandnrd  arid  until  tl 
i       '1  rl-i'iiaU-   "|    lime  and   baryta 

■  'h  quite  neutral  to  ihe  indicator,     T.<  obtain  the 
of  standard  acid  ii*  iu*ed,  otid  the  mixture  rc-t  United 

.Ii. 
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Magnesia  in  solution  as  bicarbonate  may  be  accurately  estimated 
in  the  cold  with  methyl  orange  as  indicator. 

(2)  Estimation  of  Calcium,  Barium,  and  Strontium  in  Xtattxml 
Soluble  Salts. — The  amount  of  base  in  the  chlorides  and  nitrates  of 
these  alkaline  earths  may  be  readily  estimated  as  follows : — 

The  weighed  salt  is  dissolved  in  water,  cautiously  neutralised  if  acid  or 
alkaline,  phenolphthalein  added,  heated  to  boiling,  and  standard  sodic 
carbonate  delivered  in  from  time  to  time  with  boiling  until  the  red  colour  is 
permanent. 

Magnesium  salts  cannot  however  be  estimated  in  this  way, 
or  even  mixtures  of  lime  and  magnesia,  as  magncsic  carbonate 
affects  the  indicator  in  a  different  manner  to  the  other  carbonates. 

(3)  Precipitation  of  the  Alkaline  Earth*  from  their  Neutral  Salt*  a* 
Carbonates, — Soluble  salts  of  lime,  baryta,  and  strontio,  such  as  chlorides, 
nitrates,  etc.,  are  dissolved  in  water,  and  the  base  precipitated  as  carbonate, 
with  excess  of  ammonic  carbonate  and  some  free  ammonia.  The  mixture  is 
heated  to  about  60°  C.  for  a  few  minutes.  The  precipitated  carbonate  is  then 
to  be  filtered,  well  washed  with  hot  water  till  all  soluble  matters,  especially 
ammonia,  are  removed,  and  the  precipitate  with  filter  titrated  with  normal 
acid,  as  already  described. 

Magnesia  salts  require  caustic  soda  or  potash  instead  of  ammonic  carbonate ; 
but  the  process  gives  results  slightly  too  low,  owing  to  the  slight  solubility  of 
magnesic  hydrate  in  the  alkaline  liquid. 

(4)  Lime  and  Magnesia  Carbonate*  in  Waters. — The  amount  of  calcic, 
or  calcic  and  magnesic  carbonates,  dissolved  in  ordinary  non-alkaline  wafers 
may  be  very  readily,  and  with  accuracy,  found  by  taking  200  or  300  c.c. 
of  the  water,  heating  to  near  boiling,  adding  phenaoetolin  or  lacmoid,  and 
titrating  cautiously  with  tV  nitric  or  sulphuric  acid.  An  equally  accurate 
result  may  be  obtained  by  methyl  orange  in  the  cold  liquid. 

(5)  Hardness  of  Water  estimated  without  Soap  Solution. — As  is 
generally  known,  the  soajMlestroying  power  of  a  water  is  ascertained 
in  Clark's  process  by  a  standard  solution  of  soap  in  weak  alcohol, 
titrated  against  a  standard  solution  of  calcic  chloride.  The 
valuation  is  in  so-called  degrees,  each  degree  being  equal  to  1  grain 
of  calcic  carbonate,  or  its  equivalent,  in  the  imperial  gallon.  The 
process  is  on  old  and  familiar  one,  but  open  to  many  objections 
from  a  scientific  point  of  view.  The  scale  of  degrees  is  arbitrary, 
and  is  seriously  interfered  with  by  the  presence  of  varying 
proportions  of  magnesia. 

Wc  are  indebted,  primarily  to  Mohr,  and  subsequently  to 
Hehner,  for  an  ingenious  method  of  determining  both  the 
temporary  ami  permanent  hardness  of  a  water  without  the  use 
of  soap  solution. 

The  standard  solutions  required  arc  -^  sodic  carbonate  and 
■yp-  sulphuric  acid.  Each  c.c.  of  standard  acid  exactly  neutralizes 
1  m.gm.  of  CaCO3,  and  each  c.c.  of  the  alkali  precipitates  the  like 
amount  of  CaCO3,  or  its  equivalent  in  magnesia,  in  any  given 
water. 
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Tk*  AnaiyxiM    i'  .  irofnitttble 

haracter.  healed  to  near  boiliuj?,  unci  si  u  >idded  until 

li I'lt ner  reoonma 

l&cmoid,   which  is  »l*o 
"Tiwirmdnl  i  Draper  id'.  A  ate  out  ibe  value. 

prooeas,  iiii'l  I  cm  his 

indicators.      IV  ■ -imhle   in   order 

The  Dumber  of  c  ■  I    i 

■    lumber  of  Oil  t v  mpamrj  hard  new  par  100,000. 

i  aply  the  number  of  r.-\  by  0*7.     The 
ertained  by  bikini:  100  c.c.  of  Mir-  water  and  adding 

The 

he  reflated  by  tho  amount  of  «ulphun 

iimto  of  time  t  in  tho  water;  as  :l  rule,  a  volume 

iter  will  more  than  raffice.     FAM[rfirate  in  a  platinum  dish  io 

(idas*  i»r  paraeaiii  will  not  do,  h  they  affect  Lha  uwdum),  then 

;li  -mull  ijuantil  rater,  through 

very  small  filter,  and  I  titrate  with  the  id  for  the 

mate  :  UiL*  difforeuco  repreeenti  the  ]  orauuMal  hardness. 

rnuUiin  u  Ik  aline  rarlwmutes,  in  which  cose  there  i* 

tree  no  jiernmiient  hardness,  liecanae  tlie  aaHa  t<>  whidi  this  ia 

Llknline  curlxmate.     In  examining  a 

lii  kind,  Hi-    tempomr)    liardneai   "ill  )«•  shown 

tlutn  tt  n  ally  '-,  niring  t«»  the  alkaline  carbonate  :  and  the 

nil  show  more  aodic  « arbonato 
Finn  «  [ited.     If  the  difference  bo  found  ia  deducted 

«l,  the  rcmainiiei  n ill  1m> 
temporary  barvli 
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1^,     l.s  QgtU  of  solution*  of  umnionia  by  the 

'  -i*m1,  it  in  betb  i    Lu  avoid   tin    tedious   pro         ol 
umititv,  ninl  I"  "ultstituU*  for  it  the  following 
li    h  ajiplii ','tli'i  t    liquids  for  the   purpose   «>f 

':  .-..lnt<*  ami  -[km  itic  weights. 

r  wnnll  mid  accurately  tared  flask,  beaker,  or  other  convi 

and  into  it   I  -•Imiim 

nulu:ih'tl     lO    \-.r,    pipettO         T )u ■     Weight 

'  ifht  "I  the  liquid  in  grains ;  sunp 
I  [H)iut  ime 

r  firing  1 ),  which  in  this  rase  i-  i 

in  mind  thai  this  system  ran  only  be  used  prajierly  with 

tnlcrafil  unite  pipettes.     The  latter  should 

tntf  UUtiUed  water  al  10*  C. 

in.,  is  uiiH  titrated  with  normal  acid,  of  which 

0017     trsaa  *ni   Ml  '     S04  per  i-ent.  or 

real  an  .  .  ;rr.  is  equal  to  8  60  per 

the  wirne  v. 

rated  direct   with  i 

i  s 
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acid  for  the  percentage  of  real  ammonia,  using  methyl  orange  as  indicator. 
The  carbonic  acid  can  be  determined  by  precipitating  the  solution  while  hot 
with  baric  chloride,  and  when  the  precipitate  is  well  washed,  dissolving  it 
with  an  excess  of  normal  acid  and  titrating  backward  with  normal  alkali ; 
the  number  of  c.c.  of  acid  used  multiplied  by  0*022  (the  \  mol.  wt.  of  CO*) 
will  give  the  weight  of  carbonic  acid  present  in  the  sample. 


1.    Estimation  of  Combined  Ammonia  by  distillation  with  Alkalies 
or  Alkaline  Earths. 

This  method  allows  of  the  expulsion  of  ammonia  from  all  its 
salts.  Caustic  soda,  potash,  or  lime,  may  any  of  them  l>e  used 
where  no  organic  nitrogenous  compound  exists  in  the  substance ; 
hut  should  such  lje  the  case,  it  is  preferable  to  use  freshly  ignited 
magnesia. 

The  distilling  apjmratus  may  conveniently  be  arranged  by  con- 
necting an  ordinary  well-stoppered  small  retort  to  a  small  Liebig 
condenser,  and  leading  the  distilled  gas  into  a  vessel  containing  an 
excess  of  normal  acid.  After  the  operation  is  ended,  the  excess  of 
acid  is  ascertained  by  residual  titration  with  normal  alkali  or 
£  ammonia,  ami  thus  the  amount  of  displaced  ammonia  is  found. 

The  retort  must  be  so  supported  that  its  neck  inclines  well 
upwards,  in  order  that  any  alkali  mechanically  carried  into  it  by 
the  spray  which  occurs  during  ebullition  shall  not  reach  the 
condenser.  An  angle  of  about  30°  suffices ;  and  in  order  that  a 
convenient  connection  may  be  made  with  the  condenser,  the  end  of 
the  retort  is  bent  downward,  and  the  connection  securely  made  with 
india-rubl>er  tubing.  In  like  manner,  the  end  of  the  condenser  is 
elongated  by  a  glass  tube  and  india-rubl>er  joint,  so  that  the  tube 
dips  into  a  two-necked  bottle  or  bulb,  containing  the  measured 
normal  acid ;  the  end  of  this  tube  should  be  cut  obliquely,  and 
reach  nearly,  but  not  quite,  to  the  surface  of  the  acid.  The  outlet 
of  the  receiver  is  fitted  with  a  tube  containing  glass  wool,  broken 
glass,  or  fibrous  asbestos,  wetted  with  a  portion  of  the  normal 
acid,  so  that  any  traces  of  ammonia  which  may  possibly  escape 
condensation  in  the  bulk  of  the  acid  may  be  retained. 

The  retort  containing  the  ammoniacal  compound  in  solution 
being  securely  fixed,  and  all  the  apparatus  tightly  connected,  the 
stopper  of  the  retort  is  removed,  and  a  strong  solution  of  caustic 
alkali,  or,  in  case  of  coni]>ounds  in  which  ammonia  is  quickly 
released,  pieces  of  solid  alkali  are  rapidly  introduced,  the  stopper 
inserted,  and  the  distillation  forthwith  commenced.  Lime  or 
magnesia,  sus]>ended  in  water,  must  l>o  added  through  a  small 
funnel ;  the  distillation  is  continued  until  the  steam  has  washed  all 
traces  of  ammonia  out  of  the  condenser  tube  into  the  normal  acid. 
Cold  water  is  of  course  run  continuously  through  the  condenser  as 
usual.  Finally,  the  tubes  connected  with  the  receiver  are  well 
washed  out  into  the  bulk  of  normal  acid,  methyl  orange  added,  and 
the  titration  completed  with  normal  alkali  or  £  ammonia. 
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il  acid  neutralised  by  thi  d  ammonia 

' il 7  -in.  Nil 

i  duo  in  determining 

II  thr  forms  "f  luumonin  which  can  be  displaced  by 

ml  the  $m  ao  evolved  collei  ted  in  ■>  known 

ilutue   in  «  v  ■■>-  of  uomiuJ  acid,  the  axi  id   being  after- 

I  by  tvsiduid  titration  with  DormaJ  <iik;ili  monia. 


if  this   apjmratus  have  1 D  suggested,  such 

luetion  of  ,1   condenser  between    tin*   two  ttnsks  to  cool 
ilistillate ;  another  is   the   use  .-f  o    (J    ti  lining  some 

il    in    place   *-i    ■•'.       I    'I"   not    find   tlint   auy  of 

iirary,  if  the  apparatus  is 
h  !-.  liow<  ■■. .  try  that  a  bulb  should  exist  tn 

."\--    tin-    cork   of  the    .I  Haak, 

■    bave    found  that    the  •  from   the  boiling  liquid 

■iiiillv  projected   into  the  i    is  Mown  over  with  the 

Another   piveulltioll    ,-   advitulilc   whi'f)    dilute 
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tStgaiifa  . !  niiiili  ii 

the  coi  it  cold  v\  i 

The    little    !lx-k.    holding    about    toO  c.e.  and    pla-.v 

Tin*  tub 
. 
ninl  contains  d  measured  quantity  of  nor  -  <mtained  in 

the  tube  c,  niiiili  in  tilled  with  if  hiss  wool  or  broken  gl«S8»,.r 
ilii*  nui-iiiiil  mill  btt  been   poured.    Th< 

■  whioh,good  corks  soaked  in  reused. 

The  i  fee  be  examined  Es  weighed  or  noa*       ; 

;.'  flask  with 

csjaatie  alkali  iaollowi  ill   b)  pptui 

i  lip.  ;md  tlie  *pirit  lamp  i  under  it 

The  contents  are  brought  to  gentle  boiling,  taking  euro  that  the  i 
ooi  not  enter  the  distilling  tube.     I'   in  we! 
imni'.-r  <»i  oommon  -pint  lump  heM  under  the  Desk  la  the  tu 
there  w  any  tendeni  at  oau  be  removed  immediate] 

the  flask  blown  upon  bi  the  breath,  which  reduces  1 1 
In  examining  ^nim  i  nibstanoss  containing  ammoniaca)  m 

ornnia  matter  by  this  means, 

unless  the  above  preoaotioni  are  taken,  the  i  the  result* 

Interfere!  with. 

The  distilling  tube  ha*  both  end*  cut  obliquely ;  and  the  lower  end 
but  not  Quite,  reaches  to  the  the  acid,  to  which  a  little 

orange  may  be  added.    The  quantity  »»f  used  must, 

more tlmn  khi  <  ombino  with  the  ammonia  prodaoi  vcessU 

afterwards ascertained  by  titration  «ith  normal  alkali 

It  is  advisable  to  continue  the  boiling  for  say  teu  or  lift  ecu  mmut. 
wait  a  minute  or  two  to  allow  all  th<  to  be  absorbed;  thou 

the  olip,  blow  through  the  pipette  no  as  to  force  all  the  remain 

i  ftVk.    Tho  tube  e  must  be  thoroughly  washed  out  into  the  flask 

with  distilled  water,  so  as  to  carry  down  the  acid  with  any  ibin 

which  may  have  reached  it  ;  the  distilling  tube  must  also  ' 

into  the  acid  fla.sk.     The  titration  then   proceeds  as  usual,     This  proems  is 

particularly  serviceable  for  testing  commercial  ammonia* 

etc.  (see  below).    The  rosu  I  remaly  accurate. 


2.    Indirect   Method. 

fa   the  case  of  tolerably  purv  Ammoninrnl  suits  -*r  liqturli 
from  acid,  a  simple  hnliroci    nioUuxl  law   I»m  iiavd,   ■•■ 

If   the    in niac&l  wait  be  boiled  in  an  open  ve*>ol  with   normal 

alkali,  the  uuii  .  .ill  ttui 

fixed  altmli.     If,  therefore,  the  quantity  o|  all 

excess  beyond     i  u     to  supplant  the  ammonia,  can  l>o  i 

i   in  of  titration.     The  boiling  of  the  mixture  muni 
till  apiece  of  red  liti  ,  held  in  the  steam  rrnm  the 

turned  blue. 

Kjtampt*:  1*5  irm.  of  purest  sublimed  amnionic  chloride  wu 
wide-mouthed  flask  with  40  c.c.  of  normal  soda,  and  I  ill  ■■■iieiibi 

was  expelled,   then    titrated    hack    with    normal    MllputuH 
1 1*9  CO,    were   required'    28*1    '■«'.   "I    normal   alkali    had    thci 
neutralised,  which  multi]  li<  I  "'  the  ractor  foi 

gwre  I'dW  piu,  instead  <>t  \:>  gm.  origin  i 
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GAS     LIQUOK. 


Technical   Analysis  of  Gils  Liquor,   Sulphate  of  Ammonia, 
Ammoniac,  etc.,  arrang-ed  for  the  use  of  Manufacturers. 


Bad 


his  proo  the  Fact}  thai  when  nmraoniocei  salts 

b,  or  lime,  the  whole  of  tin* 
niacin  la  is  expelled  in  nd  eon  by  a  suitable  apparatus 

)._-.  ■_'()  '■  ■  .-tiiM.it.Ml  with  extreme  ae  tun  18.1) 

appnratu  d  consists  of  a  distilling  Bosk 

.ml  ■■■  flaw*  K  titted  together  in  such  a  manner,  that  no 

tmnonia  can  occur;  tip-  whole  of  the  ammonia  being 
t   from  the  distilling  Bask  into  a  measured  quantil 

I   in  t!i--  condensing  Bask,  where  it*  amount   la  . 
id  bj  tin-  method  beruinaftoi  described 

Analysis  of  Gas  Liquor. — Tlii-i    Liquid    COTlsistS    of    0    BolutlOO    of 

hyposulphites,  sulpl  aides,  ami  other 

le  ammonia  tnannfai  tun  - 
■  Hquoi  into  tin    form  "f  sulphate  --r  chloride 
■;  |ios>iM.\     The  whole  of  bltu  ammonia  exi 
trbonste  In  the  Liquor,  can  1--  distilled  ..tt  at  a  steam 
be    l\\r<\  salts,   however,  require  to  be  heated  with  soda, 
me  (the  tatter  i-  generally  used  on 

luii  il),  in  order  to  Lilwrute  the  lunmunia  i  □  them. 

The  valuation  of  gns  liquor  Ls  almost  universally  made  in  G 

b)  Twaddle's  hydrometer,  every  degr i  which  i>  taken 

ally  called  "two-ounce  strength;"  that  is 
liquor  should  neutralize  exo<  tlv  two  ounces  by 
;  nil  .-t   \  itrio]     thus  5  degrees,  Twaddi 
lied  "  "liquor    but  experiment  has  clear] 

rally  a   verj   convenient 
■    vahii  nf  gaa  liquor,  it  is  not  accurate 
he  ni.i m if: !•  run  ;  who  desires  to  work  n  ith  the  u1 ! 

tin*    liquor   contains   a  good  deal    of    free 

I   In  such  case  the   hydrometer  would  show  it  to  lx- 

aiker   than   it   really  is;    on    the   other    hand,  sometimes,    from 

than  a  mm  on  if]  ur  in 

li«[u  hydromctei  shows  it  tot  i  ihau  it  i<allv 

ituration,  by  mixing  standard  acid  with  the 

rhaps   more  correel    than    the  hydrometer;  bat  this 

■iilv  at  fault  in  the  presence  of  much  fixed  ammonia, 

very  offensive  and  poisonous  operation. 

■  d  i-  exactl)  the  same  an  b 

necessary  in  manufacture  of  sulphate   of 

iriT    t" 

i   fraction  how  much  Bulphate  uf    ammonia  he  ough 

ivL'ii  quantity  of  gas  liquor.      It  also  en  iblea  him 
n   lir  distilled  oil"  with  heat 
id  how  much  pxists  in  n  Hxed  condition  requiring  lime, 

Tli''  i  used  in  thi>   pnntess  are  on  the   metrical  aval 
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!ili|«,   ;il     feat    sight    .i|  ;■  -''•   U> 

Ingush  ■ ;  i»nt  as  tin-  oulj  ohja  t  of  the  \  re 

ut.tin  the  percttutngi1  "i  ttnimonin  in  any  given  suhri 

r  of  n>>  iui|»ortuncc  wln.Ii  system  "f  niensUTOB  or  WClglll 

Bed,  m  wh  ,],-■  i'1'irciii.i^v  is  obtained,  the  tables  will  nt 

i  nit  in  English  twin-  !■(  u   ight  or  mcesoje, 

n  in  i  otte,  holding  lo  cubic  centimeters  to  Use  mirk  in  nock; 

of  liquor  u-H'd  i        '  rer  the 

be.      Tlii-    measure    i-    filled    to   the   murk    by   suction  ami 
r  spilling  i  drop,  to  Bask  B— the  flttxiigi  being  pn 

en    filled    in    the  same   usjtner,   with  strong 
i    oup  «-r  other  vessel,   in  order 
inch,  the  clip  :it  the  top  must  I"-  crooned;  the  cork  i-  tnenreplaoed 

Imi  in  perfectly  dry  sand,  in  the  sand* 

I  on   HUed   L  in  inner   I" 

-.villi   standard   acid,  ud  80,  80,   k>.  or  &>  co.  (According 

trcngtli  ol    tin-  liquor)  low  into  the  Bask  V, 

l  li  i-  fillet]   ■■  The 

tted  with  the  act 

which  ii:i  us  setd   in  the  ftosk  shall   I  Milled 

koid,    The  lard  acid  to  egulated  by  the 

;.  :th  of  the  liquor,  which  "I   course  can  be  told  by 

addle  -  hydrometer:  thus,  Tor  a  Liquor  of  3  Twaddle"  tiox  Honor, 

i  •-  . ■.  .i  id  «ii!  be  -Htii.h'nt— imi  then 

i  be  epptox- 

■  ■.  of  acid  reprew  ate  1  per  cent,  ol  munonie. 

i  I trcfully  nieasi  i 

iratna  i-  fitted  together  it  H  by  the  elastic  tube,  sua  the  inabv-rubber 

i    in    butli    ftju>ks;    thin  being  dune,  the   lamp   is 

under  toe  -  md  si  the  sma  tune  the  Bprins>elip  on  C  Is 

I  out  two- thirds  of  the  Lsta  flow  into  IJ ; 

will  gradually  emptj  itself  during  the  boiling.    The  best  i*  continued 

o  on  till  the  greater  hulk  of  the  liquid  m  B 

■   P.     A  quarter  i>f  an  i  iicrallv  sufficient  fur  this 

eontinued  nil  the  liquid  in  Q  jttsl  ooven  the 

r  to  P;   during 

'  liuy  tube  mi  be  BOid  in  1*'. 

>l  rid  of  the  <>t  ammonia  vapour  out  of  li,  the 

mouth  l>eing  uppUed  Lo  th  ■  tube  over  the  sprin  ■  ■ 

air  i.in li  itoly  blow n  till i  i 

■  tied  ai   II :  distilh  d  oi    i  ■  ■■  drink* 

i   poured  repeatedly   through   'J   in   small   quantity       til] 
d    e  wel  t  ii  slso  pouTi  d  dow  d  the 
all  traces  of  ammonia  which  may  be  banging 
in'"  ili-k  F.    'lhi  m tains  all  the  am  nw  i  the 

liquor,  with  an  i  id,  and  ii   i<  ne  iw  lo  Rod  out 

Tins  is  don.1  by  ineai  I.  and 

I  solution  ol  ol  exn^tly  the  same  strength  s* 

In  order  to  tind  nut  how  tiiiirh  of  t Ik*  standard  nrjil  tin 
is  in  the  li  m  t,  the  burette  1  ia  Riled 

uidard  Irop  of  methyl  orange,  or  a  sufficiency  ol 

inlphthalein,  being  add*!  ' 
r\  the  wda  i*  slowly  di  il  fronj  the  burette,  with  do 

i  ihri  indicator  e ha tigo*  colour.     The  number  of  •  ■  <■     ■ 

l  used    will  nhos 
-  m  the  liquor  distilled  ;  then 
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the  number  of  c.c.  of  soda  used  to  destroy  the  pink  colour  be  deducted 
from  the  number  of  c.c.  of  standard  acid  originally  used,  it  will  show  the 
number  of  c.c.  of  standard  acid  neutralised  by  the  ammonia,  which  has  been 
distilled  out  of  the  liquor,  and  the  strength  of  the  solutions  is  so  arranged 
that  this  is  shown  without  any  calculation.  The  following  examples  will 
suffice  to  show  this :— Suppose  that  a  liquor  is  to  be  examined  which  marks 
5U  Twaddle,  equal  to  10-ounoe  liquor;  10  c.c.  of  it  is  distilled  into  30  c.e. 
of  the  standard  acid,  and  it  has  afterwards  required  G  c.c.  of  standard 
soda  to  neutralize  it;  this  loaves  24  c.c.  as  the  volume  of  acid  saturated 
by  the  distilled  ammonia,  and  this  represents  2*4  per  cent. ;  and  on  referring 
to  the  table  it  is  found  that  this  number  corresponds  to  a  trifle  more  than 
11  ounces,  the  actual  figures  being  2*384  per  cent,  for  11-ounce  strength. 

The  strength  of  the  standard  soda*  and  acid  solutions  is  so 
arranged,  that  when  10  c.c.  of  liquor  is  distilled,  every  10  cc.  of 
acid  solution  represents  1  per  cent  of  ammonia  in  the  liquor.  In 
like  manner  13  c.c.  of  acid  will  represent  1*3  per  cent,  of  ammonia 
corresponding  to  6-ouncc  liquor. 

The  hurette  is  divided  into  tenths  of  a  cubic  centimeter,  and 
those  who  are  familiar  with  decimal  calculations  can  work  out  the 
results  to  the  utmost  point  of  accuracy *  the  calculation  being,  that 
every  1  per  cent  of  ammonia  requires  4*61  ounces  of  concentrated 
oil  of  vitriol  (sp.  gr.  1*845)  per  gallon,  to  convert  it  into  sulphate: 
thus,  suppose  that  10  cc.  of  any  given  liquor  have  been  distilled, 
and  the  quantity  of  acid  required  amounts  to  18*6  c.c.,  this  is 
1*86  per  cent,  and  the  ounce  strength  is  shown  in  ounces  and 
decimal  parts  as  follows : — 

4*61 

1*86 


2766 
3688 
461 


8.5746  ounces  of  oil  of  vitriol. 


The  liquor  is  therefore  a  trifle  over  8J-ounce  strength. 

Spent  Liquor*. — 1 1  is  frequently  necessary  to  ascertain  the 
percentage  of  ammonia  iu  spent  liquors,  to  see  if  the  workmen 
have  extracted  all  the  available  ammonia.  In  this  case  the  same 
measure,  10  c.c.  of  the  spent  liquor,  is  taken,  and  the  operation 
conducted  precisely  as  in  the  case  of  a  gas  liquor. 

Example :  10  c.c.  of  a  spent  liquor  were  distilled,  and  found  to  neutralize 
3  cc.  of  acid ;  this  represents  three-tenths  of  a  per-oent.  equal  to  l-oi.  and 
four-tenths  of  an  ounce,  or  nearly  H  on.  Such  a  liquor  is  too  voluble  to 
throw  away,  and  should  be  worked  longer  to  extract  more  ammonia. 

*  Soda  is  recommended  in  preference  to  ammonia  for  the  standard  alkali,  a*  it  was 
found  that  a  solution  of  ammonia  containing  "01  gm.  per  c.c  readily  lost  strength  by 
keeping. 
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f    SulpkaU   qf  Ammonia   or    Sat   Ammoniac :    An    KVBTBge 

i  ■     ■  ■  ilhout 

iLi*k  bavii  rtt  upon  it,  distil}* 

oa  it,   m. i   ireB  stirred  till  lianfad,  va&  finally 
sdded  i  "it-  nrirk.    The  10  •  I    I  »itii 

.ml    i-mj-ti  Mask   1$  ;    30  CO,   i 

!•'  jimI  tin-  distil  lull  oi 

umbo  of  (•.'•■  •>(  iteuUra  icid  i 
tli.    perocntniffl  ••:   ammonia;   thus,  if  iHt.;  <•.<•.  ;ire  used  in 
'i  (.'  pei  cant,  of  rumnoiiia. 

Tin-  Liquore  when  tr-Ktvl  must  be  meiwurtMl  at  ordinary  tempera 
r  t«-  60    P.    I-  i  oesible,     Th 
topperetl  ami  in  1  ice. 

1  .ll.iwin-   :  ..ill  iMriilutMiH  ]   of  000X80]  ft 

ill    be  I    that    til  Ufl    tllC    | 

int  th  -iiia  contained  in  the  liquor  i>  extracted 

n  tin*    .  mi  the  experiment.     With  the 

arrangement  of  plant,  ho^rorer,  this  doee  norl  n  a  ml*' 
it  ought  to  l«-  \i-iv  near  th<    i;i  ul.  with 
rt  i»f  worku    i 


A(t]tro«- 

■Ml 
MM*!  ,,f 

Percent**!' 

if  Arnrin.uia 

Ml- 

gtMfttb 
|WKNI< 

>(  Sulphuric  Acid  in  pound* 
mid  dciimul  parts  w|tiiri-d  fur  8»ch 

vr»llcii   gt    h 

C.O.V.         B-O.V.        Cta»*r 

Yield  ot 

Sulphate 

[wraaUonln1 

lt«.  and 

decimal 

u4*< 

WTw. 

in  Tw.       )1J(i  Tw 

puts. 
•0841 

8*3 

] 

'48SG 

*> 

•1350 

1663 

1 

•10X2 

i5504 

3 

•1875 

2848 

■25** 

4 

•J  ;>(.*► 

•SIM 

■86T8 

:i3i;» 

lo-i 

1-0840 

5 

•8908 

!Li>r- 

180 

i  I  00 

•; 

•8759 

. 

•50*41 

IS* 

L-6178 

7 

■  L975 

■8487 

-6851 

■5887 

173 

8 

•5000 

■71-U 

•6728 

i-.»:.il' 

;i 

•7089 

'8097 

■7589 

81*7 

2-1680 

10 

•7810 

see  i 

HUU 

11 

•8881 

•MS-i 

■9381 

13 

7500 

•9873 

l-07ii; 

1*0091 

sa-a 

8-81W 

19 

•8135 

1-0158 

10033 

14 

9760 

10984 

1*3508 

11774 

15 

■9876 

1-1716 

1-3806 

11816 

8*7 

Iff 

1  oooo 

1*4288 

l:U5fl 

•  -. 

17 

L-0623 

1-5181 

1-4207 

1 

18 

L*1960 

1-8074 

15 

b-110S 

19 

11876 

l  1889 

1-0987 

l'5W 

. 

20 

1*3000 

1  7860 

10880 

il  nf  sulphuric  a<  id  heing  given  in  derimals  re  ml  ore  it 
■ 
imply  Hi'",  i  thus  9-1*, 

|M..r  ?  ii  >U  III**.  "t  ■  urn  rntr 
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of  brown  (til  of  vitriol,  or  714J  lbs.  chamber  acid  for  every  1000 
gallons,  and  should  yield  in  nil  cases  672*8  (say  673)  lbs.  of 
milphate. 

4.    Combined  Nitrogen  in  Organic  Substances. 

This  process  consists  in  heating  the  dried  substance  in  a 
combustion  tube  with  soda  lime,  by  which  the  nitrogen  is  con- 
verted into  ammonia;  and  this  latter  being  led  into  a  measured 
volume  of  normal  acid  contained  in  a  suitable  bulb  apparatus, 
combines  with  its  equivalent  quantity ;  the  solution  is  then 
titrated  residual ly  with  standard  alkali  for  the  excess  of  acid, 
and  thus  the  quantity  of  ammonia  found. 

As  the  combustion  tube  with  its  arrangements  for  organic 
analysis  is  well  known,  and  described  in  any  of  the  standard  books 
on  general  analysis,  it  is  not  necessary  to  give  a  description  here. 

Instead  of  leading  the  ammonia  through  normal  acid,  hydro- 
chloric acid  of  unknown  strength  may  be  used,  the  liquid  brought 
into  the  distilling  apparatus,  and  the  amnionic  chloride  estimated 
by  the  process  described  in  ^  18.1. 

"Wlien  it  is  necessary  to  estimate  very  minute  portions  of 
ammonia,  it  may  be  brought  into  the  form  of  chloride,  and 
estimated  by  decinormal  silver  solution  ($  38) ;  or  in  many  cases 
preferably  by  Xessler's  test,  described  in  the  section  on  Water 
Analysis. 

5.     Kjeldahl's    Method. 

This  has  met  with  considerable  acceptance  in  lieu  of  the 
combustion  method,  on  account  of  its  easy  management  and 
accurate  results.  Moreover,  unlike  the  combustion  method,  the 
ammonia  is  obtained  free  from  organic  matters  or  colour.  It  was 
first  described  by  the  author  (Z.  a.  C.  xxii.  360),  and  has  since 
been  commented  upon  by  many  operators,  among  whom  are 
"VVarington  (C.  N.  Hi.  162),  Pfeiffer  and  Lehmann  (Z.  a.  C. 
xxiv.  388),  Mareker  and  others  (Z.  a.  C.  xxiii.  553;  xxiv.  199, 
393  ;  xxv.  149,  155 ;  xxvi.  92  ;  xxvii.  222,  398). 

The  process  consists  in  heating  the  organic  substance  in  a  flask, 
with  concentrated  sulphuric  acid,  to  its  tailing  point)  anil  when 
the  oxidation  is  nearly  completed,  adding  finely  powdered  per- 
manganate of  potash  iu  small  quantities  till  a  green  or  pink  colour 
remains  constant :  the  whole  of  the  nitrogen  is  thus  converted  into 
amnionic  sulphate.  The  flask  is  then  cooled,  diluted  with  water 
somewhat,  excess  of  caustic  soda  added,  the  ammonia  distilled  off 
into  standard  acid,  and  the  amount  found  by  titration  in  the  usual 
way. 

Some  practical  difficulties  occur  in  the  process:  for  instance,  the 
final  distillation  with  concentrated  alkali  gives  rise  to  bumping, 
with  a  tendency  to  spray  the  liquid  into  the  tube  which  leads  into 
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r         ercmne  this,  it  lp  necessary  t.-  put  two  or  three 
t   metallic  rinc  into  tli-1  Bask,  which,  by  th< 

rntion,       l£xpericu<  <■   has  hofl 
own  thai   though   thin  ih 

uaUtl  with   traces  or  alkali,     Tlii 
■  ww  of  alkali  with  n     h 
■<•  it  is  proper  ?••  usf  only  a  model  of  alkali, 

i  li  /.iii'-. 

Anothor  -litti.u  ire  present  in  the  c pound 

nionia  is  nnt  certain  nor  regular, 
td  unices  this  difficulty  bo  overcome  the  value  of  the  proo 

limil 

Warlngton  has  investigated  tin's  contingency,  and  finds  th 

lei  Ui  ^"i  litl  til   them   l.-'t«'i"  the  treatment  with  sulphuric  acid, 

-•rial    is  best    digested   with  ferrous    sulphate  and    sti 
drochli  with  heat,  finally  carried  to  dryness ;  the  sulphuric 

d   is  then  added,  and  tit  ■  -I  out   as   recommended 

Kjeldahl.      When  this   method  ed   the   niti 

rstimaU-d    bj    some  other    method.      In    the   modified 
lotlwd  given  below,  the  N   existing  as  nitrate  is  converted   Into 
that  one  o|ierotion  estimates  the  r/hola  ol  th<    sitrogeo 
oia. 
Tli>'    cxpei  many   hundreds    <f    operators    since 

ietho<]  '    n'sult'-<l  in  rendering  it  as  perfect 

need  be,  anil  no  better  arrangement  of  tin-  process  can  be  riven 
i. in  thai  adopted  h)  the  1  .  8.  Association  of  <  >rti«i.il  Agricultural 
hum  This  arrangemt  nt  in  all  essential  particulars 

will  now  be  described,  omitting  the  details  .is  to  some  of  the      ■  ■ 

us,  and  which  are  not  sbaoii  nntniL     Em 

»thod  requires  the  follow  ing  nt    i 

I.  Standard neid,  wlueh  may  l)e eitliei  sulphuric  or  bvdrochlorii  ; 
convenient  strenj  ni-normaL 

I  ir'l  alkali,  either  ammonia,  soda,  or  potash,  of  cones- 
tnding  the  acid 

t, ti.it.  .1  sulphiirii  .11  id  fn  i    from  n  I  id  amnionic 

iljilmi  i 

ed    in    tlie   wi  t    wsj    or    metallic 
II  nun. 

Powden  ri  :  ermanganatc. 

6      Gran   i |r-  <  rinc. 

tammerclal  oil  of    vitriol    frequently   contain*  nzmnunia,   owing  to  the  fuel   tbat 

uhnte  di  riny  concentration   in  order  in  wet  ri»l  of 

-la  tuid  Mori  tx  state  that  any  trace*  of  out  mom  a  amy  be 

lureatint:  the  a*  id  for  two  or  three  hours  at  a  temperature  below  boihnu, 

the   proportion  of  0'5  fna.  of  the  salt  to  100 

•    l«ecanee  of  the   provable  formation  of  nttro. 

;inrut*b;..-  ;iiado  by  Morit  t  which  prove  that  the 

■onndleae,  provided  the.  digeatton  ia  carried  on  for  a  period  sufficient  to 

purification  of  the  acid  may  of  cuurae 

■eceTtsi&lnut  onc»-  I  '  lonnt  of  Ammonia  in  any  riven  st'n-k  of 

r  a  blank  experiment  with  pure  sugar  and  allowing  in  all  case*  for  the 
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7.  Solution  of  potassic  sulphide  in  water,  40  gra.  in  the  liter. 

8.  A  saturated  solution  of  caustic  soda  free  from  nitrates  or 
nitrites. 

9.  A  suitable  indicator — cocliineal  is  recommended,  but  any 
other  except  phenol phthale in  may  W  used. 

10.  Digestion  flasks  with  long  neck,  holding  about  200 — 
250  cc.  These  flasks  should  lie  well  annealed  and  not  too  thick — 
the  neck  about  J  inch  wide,  and  3J — 4  incites  long. 

11.  Distillation  flasks  of  hard"  Bohemian  gloss,  550 — 600  c.c. 
cajKieity,  fitti.nl  with  a  rublter  stopjier  and  a  bulb  tube  alx>ve  to 
prevent  the  spray  of  the  Uuliug  alkaline  liiuiid  from  being  carried 
over  into  the  condenser.  I  invariably  use  a  tulle  of  J  in.  bore, 
with  two  hullts  1  in.  diameter  just  above  the  stopper,  and  have 
proved  the  absolute  security  <>f  this  tube  in  preventing  the  jRissage 
of  any  trace  of  alkali  into  the  distillate. 

12.  The  condenser.  Owing  to  the  undoubted  solubility  of 
glass  in  fresh  distilled  water  containing  ammonia,  it  is  advisable  to 
have  the  condenser  tul>e  mode  of  block  tin.  This  should  l>e  about 
lntlf-an-inch  wide  externally,  and  is  connected  with  the  bulb  tube 
of  the  distilling  flask  with  stout  pure  rubber  tulx*.  It  is  surrounded 
by  either  a  metal  or  glass  casing,  through  which  cold  water  is 
passing  in  the  usual  manner.  It  is  very  easy  to  fit  up  such  an 
arrangement  with  the  condenser  tubes  made  entirely  of  glass  sold 
by  the.  dealers  in  chemical  apparatus.  The  end  of  the  condenser 
tulxs  may  be  simply  inserted  into  the  neck  of  a  flask  containing 
the  standard  acid,  or  it  may  have  a  delivery  tube  connected  by 
rubber  leading  into  a  beaker.  There  is  no  necessity  in  any  case 
for  dipping  the  delivery  tulw.  into  the  acid. 

The  condenser  recommended  by  the  Association,  when  a  number 
of  estimations  are  carried  on  at  the  same  time,  was  devised  by 
Professor  Johnson,  and  consists  of  a  copjier  tank  supported  by 
a  wooden  frame,  so  that  its  l>ottom  is  11  inches  alx>ve  the  work- 
bench on  which  it  stands.  This  tank  is  16  inches  high,  32  inches 
long,  and  3  inches  wide  from  front  to  back,  widening  above  to 
6  inches.  It  is  provided  with  a  water-supply  tube  which  goes  to 
the  bottom  and  a  larger  overflow  pipe  above.  The  block  tin 
condensing  tubes,  whose  external  diameter  is  jj  of  an  inch,  seven 
in  number,  enter  the  tank  through  holes  in  the  front  side  of  it 
near  the  top,  above  the  level  of  the  overflow,  and  pass  down 
perpendicularly  through  the  tank  and  out  through  ruhlxsr  stopjwrs 
tightly  fitted  into  holes  in  the  bottom.  They  project  about 
1J  inches  Wow  the  bottom  of  the  tank,  and  are  connected  by 
short  rubber  tidies  with  glass  bull)  tubes  of  the  usual  shape,  which 
dip  into  glass  precipitating  beakers.  These  beakers  are  6J  inches 
high,  3  inches  in  diameter  below,  somewhat  narrower  above,  and 
of  about  500  c.c.  capacity.  The  titration  can  lie  made  directly  in 
them.  Tile  seven  distillation  flasks  are  supported  on  a  sheet-iron 
shelf  attached  to  the  wooden  frame  that  supports  the  tank  in  front 
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tips,  which  support  the  wi  under  the 

•k,   and   three  nther  li|«  \v-lii--li    hold   the    flask   in   plai 

place  while  distillation  is  going 
•  ■ii,      ['.>Io\v  this  slit'i'trimu  shelf  is  a   metal  tube  carrying 
ii    with    ii    st'»|»-i'«iik    like 
These   burners  are  "1   largei   diameter  at  tin* 
•is   which  prei  iking  when  covered  with    fine  gaun  to 

from  striking  back. 

I  for   holding   the  state   oi 

I  le,  <>ii  1 1 1* ■ 

the  pan, 
inches:  wide   and  4   inches   high.     En   thin     i  holes 

5  inches  iu  diameter.     At  i lr<-  back  <>f  the  poo 
ining  Lengthwise)  oi  the  stand,  B  inches  hiob,  with  a  bend  ot 
i'li   hole   in    tilt*   shelf.      The  i    flask 

hole  in  the  shelf  and   its  neck  in 
in  the  wire  fram  h  holds  it  securely 

poeitii  a      il    it   is  supplied   by  low  Bunsen  burners  bolow  the 
:  tUr  care  the  naked  flame  can  be  applied  iliii 
isk  without  «! .ii 

i  gin.  of  Mi  sed  isbrotttflit  Into 

-kwith   np|.i-"\ii  h.mI   mercuric  oxide  or  6' 5  fpti. 

■tal  ui:  .pi  •    Tin    Bask  [s  placed  on  wire  gams  orer 

ii  :iti  uprits'ltl  the  frame  above  described  in 

and  heated  below  the  boiling-point  of  the  acid  for  from 
fifteen  minutes,  or  until  frothing  has  ooaaod     The  beat  h  then  raiwxl 
triskly.     No  further  attention  is  required  till  lbs  content* 
flask  I  t  Issst  hat* 

Tlu*  flank  is  then  removed  from  the  fame, 
rliile  still  hot,  pennanfeumte  is  dusted  in  esirenitty,  ami 
.«.:-.  i ill  after  shaking  the  liquid  remain* of  o 
ling,  the  ooatants  of  the  flask  urc  transferred  to 
iln«k  with   water,  and   to  tlu*  'ITt  cc.  of  potassic   sulphide 
the  soda  solution,  or  -  ■  mike  the 

■ly  alkaline,  and  a  few  j   wes  i      minulated  sine.     The  flask  i* 
once '  th  the  condenser,  and  the  contents  oi  the  flask  are  dis 

ammonia  has  passed  over  into  the  standard  aeid  contained  in  the 
tting  flask  ;  ind  the  concentrated  solution  can 

This  operation  usually  requires  from  twenty  to 
■s.    The  distillate  is  then  titrated  iritu  standard  alkali. 

tide  in  this  operation  irreatlT  shortens  the  tune 

neosssot  which  is  rarerj  over  an  hour  and  a  half  in  the  case 

*l    dilhVult  to  oxidize,  ami   is  more  eomni'  Uiun  an 

!     Bvost oaass  the  use  ol  uutte  is  quite  uni  tmtitia 

caution,  and 

■crtaiut)  it   \»  Aw  <      .-    i      i  dpbidc  removes all 

from  solution,  and  so  prevents  the  formation  of  mercuro-ammonium 

"  heme  albuminoid  iabstanc«a,  nut  h  oj  pure  hdns'lass,  rcfosu  apparently  to  yield  tuo 
bcorvtlctnt  uro)>ortioti  of  njumouia  by  treatment  witli  ordinary  sulphuric  iirid  (see 
I.  ii.  17).  Thin  may  uh««  from  MUiiirTWient.  batting  or 
i  intra  in  the  acid  ;  undr  r  mob  t  n .  umatoncM  1  am  inclined  to  think  that  tho 
.»(  •none  Kordliauaeit  acid  to  lticreaw  the  atreng-th  or  some  potosuc  sulphate 
the  boiling  point  of  th«  acid  would  fcasurs  a  mors  psrfsct  decomposition. 
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compounds  which  are  not  completely  decomposed  by  soda  solution.  The 
addition  of  zinc  tfives  rise  to  an  evolution  of  hydrogen,  and  prevents  violent 
bumping.  Previous  to  use  the  reagents  should  be  tested  by  a  blank 
experiment  with  sugar,  which  will  partially  reduce  any  nitrates  that  ore 
present  which  might  otherwise  escape  notice. 

The  following  modification  must  be  used  for  the  determination 
of  nitrogen  in  sulwtances  which  contain  nitrates  when  it  is  desired 
to  use  this  method. 

Estimation  of  Nitrog-on,  including-  the  Nitrog-en  of  Nitrates,  by  a 
Modified  Method  of  Kjeldahl.— Bring  from  0'7  to  1*4  gm.  of  the 
substance  to  be  analyzed  into  a  Kjeldahl  digesting  flask,  add  to  this  36  c.c. 
of  sulphuric  acid  containing  2  gm.  of  salicylic  acid,  and  shake  thoroughly. 
Then  add  gradually  3  gm.  of  zinc-dust,  shaking  the  contents  of  the  flask  at 
the  same  time.  Finally,  add  two  or  three  drops  of  platinio  chloride  solution, 
and  place  the  flask  on  the  stand  for  holding  the  digestion  flasks,  where  it 
is  heated  over  a  low  flame  until  all  danger  from  frothing  has  passed.  The 
heat  is  then  raised  until  the  acid  boils  briskly,  and  the  boiling  continued 
until  white  fumes  no  longer  pour  out  of  the  flask.  This  requires  about  five 
or  ten  minutes.  Add  now  about  0  7  gm.  mercuric  oxide,  and  continue  the 
boiling  until  the  liquid  in  the  flask  is  colourless  or  nearly  so.  (In  case  the 
contents  of  the  flask  are  likely  to  become  solid  before  this  point  is  reached 
add  10  c.c.  more  of  sulphuric  acid.)  Complete  the  oxidation  with  a  little 
permanganate  in  the  usual  way,  and  proceed  with  the  distillation  as  described 
above. 

The  titration  of  the  distillate  is  made  in  the  usual  way  with 
methyl  orange  or  some  other  indicator  other  than  phenolphthalein. 
Kjeldahl  prefers  to  titrate  a  measured  small  portion  of  the 
distillate!  for  excess  of  acid  hy  the  iodine  and  starch  reaction 
described  in  §  19. 

The  substances  available,  for  the  accurate  estimation  of  their 
nitrogen  by  the  Kjeldahl  method  are :  —  All  amides  and 
ammonium  bases,  the  pyridine  and  chinolin  bodies,  the  alkaloids, 
the  bitter  principles,  the  albumenoids  and  kindred  substances. 
All  nitro,  nitroso,  ozo,  diozo,  hydrazo,  and  amido-azo  compounds 
with  the  comjKmnds  of  nitric  and  nitrous  acid,  however,  require 
previous  treatment  similar  to  that  suggested  by  Warington,  or 
must  be  dealt  with  by  the  modified  process  alx>ve  described. 


ACIDIMETRY    OB    THE    TITRATION    OF    ACIDS, 

§  19.  Tnis  operation  is  simply  the  reverse  of  all  that  has  been 
said  of  alkalies,  ami  dermis  ujk>ii  the  same  principles  as  have 
been  explained  in  alkalimetry. 

With  free  liquid  acids,  such  as  hydrochloric,  sulphuric,  or  nitric, 
the  strength  is  generally  taken  by  means  of  the  hydrometer  or 
specific-gravity  bottle,  and  the  amount  of  real  acid  in  the  sample, 
ascertained  by  reference  to  the  tables  constructed  by  Otto, 
Bineau,  or  Ure.  The  specific  gravity  may  very  easily  be  taken 
with  the  pipette,  as  recommended  with  ammonia,  and  of  course  the 
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1     normal  caustic  alkali  and  an 
indicator. 

i    titrating  concent]  ol  :i:iv   kind  it   is 

l>lo  in  nil  ■  i  itcly  ji  small  quantity,  dilute 

volume,  and  take  an  aliquot  portion  foi  the  analysis. 


iodide,  x'v  i"o  the 
This  reaction  h  i 


Delicate    End-reaction   in   Acidimetry. 

■■i.iii-  oi   bromate  be  added   to  u  solution  ol  an 

■  :  ■>!   Ol  i<tt  iodine   tfl  Mt    frf* 
il  i-  .  B88  of  alkaliiit 

solution  the  well-known  colour  of  Iodine 

rv'l.  and  i-  '■  ipable  of  being  used  witli  excellent  effe< 
indicator  for  the  delicate   titration  ol   acids,  and   therefore  of 
-idu.il  method.     Kjeldnhl,  for  instance,  usee  it 
union  in  nmcoss,  where  the  distillate  contains  necessarily  on 
indard  ociil.     The  reaction  is  definite  in  aharacter,  and 
in  various  ways  in  volumetric  processes.     For  in.-t;Lin< . 
line  in  exact  proportion  to  i: 
:i  the  presence  of  excess  <«f  dilute  mineral  acid,  and  the 
bely  titrated  with  sodic  Uiiosulphafc . 
mtiv,  however,  the  method  is  simply  used  for  its  exceeding 

P  of  ] ?,,-,  sulphuric,  nitric,  of 

being  quite  sufficient  to  cause  a  deep  blue  colour 

f  starch. 

■  mi. -ni-  .if  th.-  standard  liquids  is  inn  I         follows: — ■ 

ia  run  into  a  flask,  diluted  somewhat  with 

ul   i  .      -i  il  or  two  nf  potassic  iodide  thrown  in;  1  or  3  clc, 

at.  solution  ol   potassie  iodate  ore  then  added,  which 

i  brown  colour,  due  to  free  iodine.      A  solution 

thiosulp  wide*!    from    a    burette,   with    constant 

akinuj  until   tlio  colour  is  nearly  discharged;   a  few  drope  of 

'[  indicntni  are  now  [toured   in,  and  the  blue 

■l-.iir  removed   l>j    the   verj    cautious    addition  of    thiosulphate. 

-  •,    of   t\i  the    comparative 

.  .  of    it  and   the   atondard   acid,   and   in   used   as   the 

n   in  other  titration*.     The  first  discharge  of  the  blue 

oust   be  taken  in  nil  ■■        as  th<  correct  ending,  because  on 

■  few  minutes  the   blue  colour  re-occura,  due  to  some 

ii.ai  from  the  thieaulphatc.     This  has  bean  probably 

l»*il  an  one  "f  the  drawbacks  of  the  pi as,  and  another  i^  the 

:    tin-  thiosulphate  solution;    lint   those  by  no  means 

wwes  the  ailvan 

Bsively  dilute  solutions,  and  maybe  used 

■  acids  cannot  1--  estimated   by  this 

nlar.     Neutral  alkaline  and  alkaline 

t  salts  <-f  the  organic  acida  and 

. 
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AOZTIO   ACID. 

C2H*O2  =  60. 

§  20.  In  consequence  of  the  anomaly  existing  l^otween  the  sp.  gr. 
of  strong  acetic  acid  and  its  actual  strength,  the  hydrometer  is  not 
reliable,  but  the  volumetric  estimation  is  now  rendered  extremely 
accurate  by  using  phenolphthalein  as  indicator,  acetates  of  the 
alkalies  and  alkaline  earths  having  a  perfectly  neutral  behaviour  to 
this  indicator.  Even  coloured  vinegars  may  t>e  titrated  when 
highly  diluted.  Where,  however,  the  colour  is  too  much  for  this 
method  to  succeed,  recourse  must  l>e  had  to  litmus  paper,  upon 
■which  streaks  of  the  liquid  should  Imj  made  from  time  to  time 
during  the  titration  with  a  glass  rod. 

Several  processes  have  at  various  times  been  suggested  for  the 
accurate  and  ready  estimation  of  acetic  acid,  among  which  is  that 
of  (rreville  Williams,  by  means  of  a  standard  solution  of  lime 
syrup.     The  results  obtained  were  very  satisfactory. 

C.  Mohr's  process  consists  in  adding  to  a  known  quantity  of 
the  acid  a  known  excessive  quantity  of  lwiric  or  calcic  carbonate  in 
tine  powder.  Pure  calcic  carbonate  is  preferable,  as  it  dissolves 
more  readily  than  baric  salt.  When  the  decomposition  is  as  nearly 
as  possible  complete  in  the  cold,  the  mixture  must  be  heated  to 
expel  the  CO2,  and  to  complete  the  saturation ;  the  residual 
carbonate  is  then  brought  upon  a  filter,  washed  with  boiling  water, 
and  titrated  with  excess  of  normal  acid  and  Iwick  with  alkali. 

This  process  is  applicable  in  all  eases,  and  however  dark  the 
colour  may  Imj.  In  testing  the  impure  brown  pyroligneous  acid  it 
is  especially  serviceable. 

Pettenkofer  titrates  acetic  acid  or  vinegar  with  a  known 
excess  of  baryta  water;  and  estimates  the  excess  of  the  latter 
with  jjy  nitric  or  oxalic  acid  by  the  help  of  turmeric  paper. 

The  titration  of  acetic  acid  or  vinegar  may  also  Iw?  performed  by 
the  ammonio-cupric  solution  .described  in  §  14.10. 

1.  Free  Mineral  Acids  in  "Vinegar. — He  liner  has  devised  aa 
excellent  method  for  this  purpose  {Anal yd  i,  105). 

Acetates  of  the  alkalies  are  always  present  in  commercial  vinegar; 
and  when  such  vinegar  is  evaporated  to  dryness,  and  the  ash  ignited, 
the  alkalies  are  converted  into  carbonates  having  a  distinct  alkaline 
reaction  on  litmus ;  if,  however,  the  ash  lias  a  neutral  or  acid 
reaction,  some  free  mineral  acid  must  have  been  present  The 
alkalinity  of  the  ash  is  diminished  in  exact  proportion  to  the 
amount  of  mineral  acid  added  to  the  vinegar  as  an  adulteration. 
Hence,  the  following  process  : — 

50  c.c.  of  the  vinegar  arc  mixed  with  25  c.c.  of  ^  soda  or  potash,  evaporated 
to  dryness,  and  ignited  at  a  low  red  heat  to  convert  the  acetates  into  carbonates ; 
when  cooled,  25  o.c.  of  ^  acid  are  added ;  the  mixture  heated  to  expel  CO2, 
and  filtered ;  after  washing  the  residue,  the  nitrate  and  washings  are  exactly 


ACETIC     *' 


B3 


lit  jaded  Lkftti;  ill"  rdume  m  used  e-juals  tlie  amount  of  mineral 

: 
«lkali=im  |  ■^tu.HCl. 

If  tL  ins  more  than  0*2  per  cent  <«f  minoml  mid, 

'if    ^  alkali  must  be  used   \"  til- 
trfftpOi 

2.  Acetates    of    the    Alkalies    and    Earths.  — Tliov      laltB     are 

into  carbonates,  and  can  In*  then  ramdonll] 

i>l  ;  no  otlicr  org&nj  i    present, 

Liar  compound*  ink  by  heat 

i  si  etic  acid. 

3.  Metallic  Acetates. —Neutral    --hitions   of    load  and  iron   acetates 
ID  ■TOSsl  of  normal  todn  of  potessk  nirbunaU',  the 

■d,  and  washed  with  hoi  water,  tin-  filtrate  and 
to  a  definite  volume,  and  an  aliquot  portion  litnitod  with 
ii  the  quant  r!  nnri  oskmlatort  ftir 

■■',-  of  alkali  will  represent  tin 

tic  «>f  mineral  .  ■  must 

ticutralieed  |'ir\  ions  I  tit. 

If  otl  if  present,  the  process  mual    i 

■M..\vs : — 

r.iti/o  with 
ate  the  whole  or  fmrt  to  dryness,  ignite  t<>  e 

uth  normal  acid.     A    | 
|  course,  record  itself  in  terms  of  acetic 


.    Commercial  Acetate  of  Lime. — Tin*    methods   just    >!<■ 

mco,  owing  to  tarry 
tt  mrbormtcs. 

i»(Z.  a.  C.  xiiL  LI  the  following  process  f or  tolerably 

ir-'    u vi yJie<l   and    tmutiferred    t"   :i    -JO   c.c.   Il'i-k, 

water,  and  70  sflid  added; 

■  tin*  nmrk.  'J,  0.0.  of  water  are  added 

dk>w  for  the  volume  i»«oui'ied  by  the  prccrpitate,  the  whole  i*  aoin  well 

•luLfti.  and  left  to  settle.    The  wlution  is  then  filtered  Uirongh  a  dry  IKer 

xi  a  drv    '  o  filtered  mu*t  exceed  200  co. 

ted   with   norm:. I  alkali  and   litmus;   or,  if   highly 
us  ur  turmeric  paper;  the  volume  u.«ed  multipued 
i  olumo  for  *• 

ipitatetl  with  acetate  in 

warn  i  the  precipitate  allowi  I  •■  somewhat, 

mgly  ignited,  in  order  to  convert 

aide  earbonat*  of  both.    The  residue 

cess  of  normal  said,  rod  I  I 
lormal    i  '       deducting  the  volume  of   acid  used  >■■ 

kali  used  in  the  Hr>t  1 
■nod  the  volume  of  nlkali  expressing  the 
weis* 
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In  :.  lit   wry  impure  and  highly  coloarei] 

e,  it  is  only  possible 
dktillationfi  with  ph<  ud  water  I 

and  then  titr.itin.  d  direct  with  p,  alkali,  Bach  cc  of  which 

repn  id. 

He  distillation  is  beat  arranged  ne  I   by  Stillwell  and 

Gladding,  or  later  ty  Harcourt  Phillips  (C.  JV.  liil  Wl). 

A  100  to  1-0  ao.  retort,  the  tubulure  of  which  carri 
fitted  in  with  n  caoutchouc  utopper,  and  the  noes  ol    the  fuuueJ 
tightly  with  :t  L-'l;i"  rod  shod  with  elastic  till*', 
such  ■  way  i 

of  the  DMk  is  drawn  i  to  (11   into  the  condenje 

an  elastic  tube.    The  irr-  ited  with  flaj 

:l-  to  provaol  too  much  tioi 

:  tuple  being  placed  in  the  retort,  lOce.  of  a  40  p 
uhrtTonof  PK)1  n  added,  together  with  m  much  nuter  «<  vriJJ 
50  oj       A  imall 

tion  may  Ik*  carried  do  lo  near,  dryness  without  anda 
ratal    After  the  firs;  operation  the   etort        Llowed  bo  cool  >»>m 

r  added  through  tin*  !.       ■ 
before,  and  the  Buna  repeated  I  third  time,   which  will 
over  nil  the  acetic  arid.     The  distillate  is  Ihen  titrated  with   <1L 
phenolphthakAo. 


By  this  arrangement  the  frothing  and  spirting  is  of    no 

sequence,  and  the  whale  process  can  b tupleted  is 

■tr.     The  reaull  i        exi  ellent  for  technical  put] 
Weber  {Z,  a.  C.  xxiv,  61  I )  has  devised  a  ready  an     I 

kJ   "I    I'stiiiiatii  etie  ticicl   in  samples  «-f 

of  lime,  based  on  tlie  fact   thai  acetate  of  silvei   is  it 
hoL 


The  Analysis  ;  lu  }gm,  ot  the  sample  in  powdi 
a  little  water  added,  and  heated  till  it!  soluble  mattci 
and  made  up  to  the  measure:  25  e.e.  are  then  filtered  tin 
put  into  u  beaker,  BOc.c.  of  absolute  alcohol  'he  :i<vti<"  arid  i\ 

with  an  alcoholic  solution  of   silver  nil 
acetate,  together  with  any  chloride,  tailph 
The  precipitate  is  brought  ou  :i  filter,  well  washed  with  tX 
till  the  free  silver  is  removed:  pn     :  ;  i;  nttrie 

id  titrated  with  r»  aalt  solution.     Each  c.c.  re] 
■ ■ 


made  in  comparison  with  the  distillati 
with  phosphoric  acid  gave  practically  trie  same  results. 

A   good    technical    process   luis    been    devised    by    •  ■■ 
(Allen's  Qtyantc  Arta/if#i*  i.  397).      10  gni.  of  the  samp] 
with    water  and   an   excess   ni    aodic  hisulphntc  (XaHSO4 
mixture  diluted  to  a  definite   vim  ml    a   mi 

n    of    the   filtrate   titrated   with   standard   alkali;    a  si 
portion  meanwhile  is  evaporated  to  di  \  iiess  u  itli  n  \ 
ing  with  watcrj  to  drive  off  all  f 
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I  kali,   when   the  difference 

n  the  volume  nciw  required  and  thai    used  in  the  ori 

>n<]  i"  the  id  in  tin-  aim  pie,     Litmus 


CITRIC    ACID. 

0VH*+H*O  =  210, 

!      Thm   acid    in    the   i' 

■  ■!  phenolphtholein.     1  tc  normal  alkali 
=  0'07  -in.  crystallized  citric  acid 

1,  Citrates  of  the  Alkalies  and  Earths. — The*.*    >-itr 

lution  tit   lead  nitrate  or  acetate,  in  the  aha 
other  ■  ■  Tho  lead  citrate  is  washed  with  :i  mixture 

the  precipitate  mspended  in  ml 
nto  it  till  all   the  lend  i-  converted  into  sulphide;   tho  dear 
remove  H*S,  and  titrated  witfl  normal  alkali. 

2.  Fruit  Juices,  etc.-  If  tartaric  ia  i"  ogether  with   bee 

ili>'  former   ia   first   separated    as   potassic  bitutnte, 
•    well  1m-  done  in  the  presence  <>f  citric  acid,  as 

folIliW  - 

I  proof  spirit  dilution  of   pouutsic  acetate  in  added  to  n 

solution  of  the  mixed  acids  in  proof  spirit,  in  lafflcieal 

-eparate  all  the  I  itirrmg 

ii  then  transferred  to  n 

*t  auoIich!  with  proof  spirit,  then  riosed  off  the  Otter  with  ■  cold 

hitarrrnte,  and  allowed  to  rtf.iud  some  hours, 

irrinu  ;  i lii-  treatment  removes  any  adlieritu:  citrate.    The 

■    washed  once  with  proof  spirit,  theu 

\[  in  hot   water,  and  titrated  with  normal  alkali,    I  irhioh™ 

itrntcd  for  the  free  citric  acid  present  after 
o  alcohol. 

3.     Lime  and  Lemon  Juices. — The  citri  I    in  i'-ui"ii, 

and    similar    juices,    may    be    very    fairly    estimated    by 

-I  (J.  C, 

■\y  juice,  or  S— 4  -  .c.  of  concentrated  juice,  ere  first 
ulralized  with   pure  normal  sodn,  made  up,  if  necessary,  to  about 

: luch   solution  of  calcic- 

■lightly  in  excess  ■  lonl       l  '.■■ 

l-i  ut  tin    li'-ilin::  point  for  about  baU-on-hour,  the  precipitate 

l  with  hoi  water,  filtrate  and  w  tattings 

tnlnl  to  about  15  c.e.,  and  n  drop  of  ammonia  added;  thii  irfll  produce  a 

■  led  separately  ou  a  very  small  filter  b} 
■  it-,  then  washed  with  i  hiuuII  quantity  of  hot  aater. 
:  en  dried,  i^mtod  al  a  low  red  heat. 
th  normal  or  *,  acid,  each  c.c.  of  which  rep 
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OXALIC  ACID. 

I    li  M-<!t-<>    136. 


.».> 


Tin  ly    titrate 

alkali  and  phi  n  da. 

In  rnmbiuatiim  with  alkalies,  the  aeid  win  be  precipitated   with 
chloride  a*  calcic  oxalate,  where   n 

-••lit  in  slight  MOM  i' 
Lion  of  small  quantities  of  sulphal 
naQ  vmaaod,  dried,  Ignited,  and  titrated  with  normal  acid,  I 
wftriceWO'M  .  <  ■  <  ► 

Ari-    ■ 

Tin*  i«  i  l«-  acid  until  alkali    [a  add*  i 

proportion  thai  1  mole*  ule  aj  id  =  *J  atoms  alkali  metal 

Tin*  combined  ij   I*-    found  by  igniting   tin 

I'liiitl  alkaline  carbonate:  at  above, 

The   estunation   <>f    oxalic    acid    in    various    ctmibii 
pexmaxiganate  is  fully  explained  vx.%  $  '30.2  (c)  and  4*. 


PHOSPHORIC    ACID. 

p*0»~142. 

*$  23.     Yhke  tribaaic  pbosph<  I   be  titral 

with  QormaJ  alkali  in 
tho  fact,  that  when  an  alkaline  ddeu  to 

i.l,  a  i'«niiliiii.il :  in  which  at  one  ami 

rod  litmus  paper  is  turned  blue  and  blue  red.     This  ta.  t  hoc 

adly  noticed  in  the  case  ol  some  specimens  of  urine, 
milk.     In  order,  ihospnoric  acid,  c«  alkaline 

phosphates,  olkaUmctrically,  it  i  prevent  the  fom 

of  soluble  phosphate  ->f  alkali,  and  to  briny  the  arid  in! 
compound  with  an  alkaline  earth.  method  give*  tolerably 

good  results  when  carried  on!  u  follows: — 

The  solution  of  free  add,  or  it<*  acid  or  neutral  combination  with  n 
a  somewhat  dilul-  !  ie*d  in  a  flask,  and  a  know  n  volume  ftf 

alkali  in  exec*?  added,  in  order  to  convert  the  whole  of  the  aotd  into  a  busi-' 
salt ;  a  drop  or  two  of  roaolic  acid  is  added, 

ehlsrfde  poured  into  combine  with  all  the  phosphoric  aeid,  the  mixture  if 
heated  nearly  to  boiling;  and,  while  hot,  the  excess  of  alk  ted  with 

normal  aeid.     The  I    baric   pho  with    the 

poaaoBPOo  a  rose-red  colour  until  the  last  drop  <>r  two 
heating  and  agitation,  prves  a  |iennanent  whit*  Uy  yellowish 

appearance,  when  t  lie  process  if  ended. 

The  volume  of  normal  alkali,  loss  the  vol  :U»   tho 

amount  of  alkali  required  to  convert  the  nhoiphorii  unallv 

«iitnil  salt,  e.g,  trisodi'  T kali  =  0*023(56  gnu 

dealing  with  small  quantities  of  muteriul  or  f§  standard 

Mjlutii 


ruos  vein. 
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n [>sou  h  i^  shown  in  h  tin    indi    ton,  tint. 

free   stiit.  ;i  with 

with   very  J'uii  by  tin- 

s'   methyl    orange    awl    phonolphthalein.     If,  for   instance, 
1   potnfih  Im-  mlded  ton  solution  «>f  phosphnria  acid  until  tin* 

Kli-'I'u'   [a   I 
(IIS  Kllo=|:  It  dow  phenolphthakan  is  added,  sad 

Ulitioa  "f  :  in |  until  ;.  red  colotu  ill'*  H 

Ml'  Kilo     ii-j  r-o.»    on  adding standnd 
sulphuric  acid,  until   tin-  pink  colour  of  i 
iinvugi*   reappears,    th'-    titration   with   standard   potash    may   U* 

■  utilize  these  reai  Lions  for  thfl 
i  Unation  ol     1"' '  ■   in   mnnnn  far  a 

-.  without  ,i  1'  | 
Titration    as    Anunomo-raa trnesian    Phosphate.  — S  tolbft  (( 

1866,    "27,    728)  iulo*pta   an   ulkalimetric    method,  wtkfl 
|H)ii    the    t.i<*.  iiM'liMulc  of    the    double    salt 

n  molecules  <>t"  a  mineral  acid  for  saturation. 

Th*>  on   i-   made  with    Dui^ncsia   mixture,  well    washed   with 

latter  completely  removed  by  washing  with  nl'uhol  of 

■  cut.    The  precipitate  \<  then  dissolved  in  a  measured  excess 

■       inethyl  orange  added,  ai  iiint  of  add  required  lnundb^r 

ith    Ttj  nlknli.      Que   mi  ben  thai  all    free  ami 

filter  and  and  thnt  the  whole  of  the  double 

ore  titration,  which  may  always  be  Insured 
ther  targeexoosa  and  wanning.    The  titration  is  carried  on  cold. 

uu-tluxl  liaa  given  in  compariaon  with 

li."l.     Tin*  sinup  process    is  applicable  t«>  tin* 
il,  ami  also  'if   miigiii 

of 


■  l  ■-.:.:>  gm.  1'  I  i 
=  0'00o7:>  gm.    \  '■  i 
=  0-0(i2      gm,  afgO 


Tli»  i  of  pbosphorii  epreaaed  ta 

: — 

Mg(NH«)  l'o'  I-2HC1-  (Mi1)  EPPO*+W 


SULPHUBIC      ANHYDRIDE. 

BO 

:i       \  nr  fuming  sulphuric  acid  oouaiam  of  u 

When   it  is  rii  Ii  in  so-  it  oocun  in 
i.  .-iini  being  wrj  hy;  t>  W  weighed  in  tin* 

tit) ■  !■■■  way 

thin  bulb  tula*  with 
ted  into  a  bottle  "1"   the  melted  acid.    Tim 
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cutis  are  bent  like  the  letter  /,  tlie  Imll)  ln?ing  in  the  middle.  The 
tattle  should  be  of  such  size,  that  one  end  of  the  tube  projects  out 
of  its  mouth.  As  soon  as  the  bulb  is  tilled,  the  Tipper  capillar)' 
end  is  sealed,  the  tube  lifted  out,  wiped,  inverted,  and  the  other 
end  sealed ;  the  tube  is  then  carefully  wiped  with  blotting  paper 
till  dry  and  clean,  then  weighed.  A  stoppered  tattle,  just  large 
enough  to  allow  the  tube  being  placed  loosely  inside  it,  is  then 
about  one-third  filled  with  water,  the  tube  gently  inserted,  the 
stopper  replaced,  held  firmly  in  by  the  hand,  and  a  vigorous  shake 
given  so  as  to  break  the  tube.  A  sudden  vibration  occurs  from 
contact  of  the  acid  with  the  water,  but  no  danger  is  incurred. 
A  white  cloud  is  seen  on  the  sides  of  the  bottle,  which  disappears 
on  shaking  for  a  few  minutes.  After  the  bottle  is  cooled  the 
contents  are  emptied  into  a  measuring  flask.  An  aliquot  portion 
is  then  taken  out  and  titrated  with  T*ff  iodine  for  SO2,  which  is 
always  present  in  small  quantity  :  another  portion  is  titrated  with 
standard  alkali  and  methyl  orange  for  sulphuric  acid. 


TABTABIO   AOID. 

C4H°O*=150. 

§  25.  The  free  acid  may  be  readily  titrated  with  normal  alkali 
and  phenolphthalein. 

1  c.c.  alkali  =  0*075  gm.  tartaric  acid. 

The  amount  of  tartaric  acid  existing  in  tartaric  acid  liquors  is 
best  estimated  by  precipitation  as  potassic  bitartrate  ;  the  same  is 
also  the  case  with  crude  argols,  lees,  etc.  Manufacturers  are  highly 
indebted  to  Wnrington  and  Grosjean  for  most  exhaustive 
papers  on  this  subject,  to  which  reference  should  be  made  by  all 
who  desire  to  study  the  nature  and  analysis  of  all  commercial  com- 
pounds of  citric  and  tartaric  acids  (AVarington,  J.  C.  S.  1875, 
925—994  ;  Grosjean,  J.  C.  &  1879,  341—356). 

Without  entering  into  the  copious  details  and  explanations  given 
by  these  authorities,  the  methods  maybe  summarized  as  follows: — 

1.    Commercial  Tartrates. 

In  the  case  of  good  clean  tartars,  even  though  they  may  contain  sulphates 
and  carbonates,  very  accurate  results  may  be  obtained  by  indirect  method1!. 

(a)  The  very  finely  powdered  sample  is  first  titrated  with  normal  alkali, 
and  thus  the  amount  of  tartaric  acid  existing  as  bitartrate  is  found ;  another 
portion  of  the  sample  is  then  calcined  at  a  moderate  heat,  and  the  ash 
titrated.  By  deducting  from  the  volume  of  acid  so  used  the  volume  used 
for  bitartrate,  the  amount  of  base  corresponding  to  neutral  tartrates  i» 
obtained. 

(b)  The  whole  of  the  tartaric  acid  is  exactly  neutralized  with  caustic 
soda,  evaporated  to  dryness,  calcined,  and  the  ash  titrated  with  normal  acid ; 
the  total  tartaric  acid  is  then  calculated  from  the  volume  of  standard  acid 
used;  any  other  organic  acid  present  will  naturally  be  included  in  this 
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not  foirlj  pure  I  ,  tlii«  prnlwldc  error  may  be 

tread. 

ription  "i  i    is  follow*: — 

5  pin.  of   I  powdered  tartoi  d  with  b  little  water  1«> 

ii.     [f  it  b  wiahed  to  grjort  against 
>1   standard  HCI  ire  iidded  in  the  ftret  instance, 
i  lard  iilkili  i-  next 
added  loth  I  of  about  three-fourth    of  the  a 

the  kind  pin-  thai 

irly  fold,   the  titration   i*.  linMii'd. 
be  amount  of  elk  id,  minus  thai  required  In  ili>.'  IK'l,  the 

i 
I  tartar  are  next  weigh  platinum  crucible 

IHtinjr  lid ;  the  crucible  is  placed  over  an  argand  burner;  heel  ii 
plied    rery  jrentlv  to   drj   the    tartar,  and    then  more   Btron 
i.    The  heel  should  not  rite  iboi 
lew.    The  black  removed  with  water  to  s  beaker,    If  the 

'  standard  11*80*  in  now  nm 

1  ised  to  riium"  tlie 

Iter  are  nowbronghl  to  boiling,  lilterwl, 
mined  with  standard  alkali.    As  the  charcoal  en  the 
i  little-  acid,  even  when  wall 
riaahlo  when  the  titration  is  completed  bo  transfer  the  Alter  indite 
Biitrelixed  (laid,  ami  add  a   farther  amount  of  alkali  if 
neeesswr        rVoxn  n  utratiaing  power  of  a  gram  of  burnt   dm 

:  mi  of  u n burnt  tartar,  both  eipreseed  is 
-i  indrtp!  alkali,  th-  in  the  neutralizing  power  ol  taw  beset  existing 

ad    is   thru    calculated    into   tartaric   acid   01 

ir  iii  id  of  hydrewu  peroxide 

BCslO  rolomes  O)  ire  added   to  the  l>I  i«*k  eafa  and  weier,  ud 

ivards  lit-'  standard  arid  ;  the  reel  ><f  the  analyeui  p 

1  lumallj   belonging  1m  the  peroxide 

be  known  end  allowed  for  in  the  ooloulation.    By 

the   u-"  !■•   the  sulpirides   formed  during  ignition  ore 

ml  the  error  of  exci  m  which  then  p 
would  ooew  led. 

■     i        thocl  iloee  uol   [jive   the  separate  amounts  oi    i    i 
ami  neutral  tartrates  in  tin-  presence  of  carbonates,  but  it  givefj  tin' 

nciil ;  it   is  ulsn  correct  in  eases  whore 

lung  as  bite  him!  results  show  that  some 

Ii.     Whenevi  p  this  mi  thod   shows  tl».<i 

ii   «'ii-iNil  uilisbuine  is  groatei  than  the  neutralizing 

power  of  the  nsh,  it.  will  '  the  method  6,  which 

of  giving  g 1   results  when  the  sample 

Tic  arid. 

ion  in  both  tin-  above  methods, 
equally  a  rairlxmic  ncitl  detertuijtation 


*  It  !■  ontnjftlng  power  of  the  aah  of  an  aeid  tartrate  in  ssoctij 

taa  aauiv  a*  IL  i  he  Batuo  tartrate  belore  burning-,     In  nutkiug  the  calnnla- 

■m  rvmau*k«.m-i  ibot  the  valno  of  the  alkali  in  tartaric  acid  it  twice  a* 
iade  from    the   acidity  of    lli«   uiil>urnC    tartar,  as    In   the 
id  «xi»tii<ic  Os  neutral  tiirtrotea. 
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llotll'«U. 

2.     Tartaric    Acid    Liquors. 

t  il>l  factor}  li.  i  t\  of  »ub«l  i  huiilv 

i  ■  !,    fjvtu    which    tli«-    HctUnJ    1  ■       ■ 

separated  ii^  bitartrate  by  the  folio* 

V  «|iuiuiiv  of  li  2 — 1  gm.  of  tartaric  i 

30—40  '.•-.  volume,  i-  treated  with  ;-oU»ic 

,  added  drop  by  drop  with  cor  ring.     If  free  sulphuric 

present  ii"  pro  lpitate  is  nt  lirst  produced  j  but  as  won  as  the  BOld  is  ntivned, 

i;  in  etntkv  on  the  m<i>  mL    Whn 

this  is  seen,  the  •aoaafodj  iltnte  baMeured  In  toavoM  anandM 

excess:  i  r.f,  of  a  ■bunted  solution  of  potaada 
be  maxim  un 

nt      If    the  liquor  contain  a  irreat  deal  <»r  sulphuric  ai  id,  i    Ana 
precipitate  of  potassic  sulphate  will 

i*  eaalr dittingmabed  from  it.    With  liquor*  rich  in  lulpburic  irid.il  i- 
udvisablo  to  stir  the  mixture  vigorously  .i:  on  hour,  then 

pn  treed  »■  in  3  a*. 

jc:iii  modtnoa  this  pnwess  by  procipitatinK  the  liquor  with  ae 
vt  calcic  carbounto.  than  boiling  the  mixture  with  exooas  of  p<>' 
Uv  tlii«  means  the  nluimni  iron,  phosphoric  and  sulphuria  acid*  arc  I 
down  with  the  fltleJo  noalnftn, inn  aha  pnernitata  allows  of  ready  h 
The  separation  as  bitafi  id, 

3.     Very    impure    Lees    and    Areola. 

(rVusji-itti   (J.    C.    S.    1879,  id    method    for 

tin-  treatment  of  those  substou  un  \Vuri 

oxalate  prooees,  the  principle  <>f  which  is  us  folioM 

The  finely  gr i«l  sum  pi  v  (    about  2  gm,  tartaric!  arid) 

with  alii  ■  boated  to  L< 

un  esoan  of  neatnl   potaasic  oxalate  (the  excess  must   uoi   i 

1*5  Kin.),  and  aearly  neutralized  vritb  potash.    Afte  m*.  too 

mixture  i-  transferred   to  u  vacuum  filter,  and  the  residua   washed;  the 

liipiid  so  obtained  contains  nil  the  tartaric  acid  as  neutral  potaasic  i  i 

of  citric  acid  U  added,  which  precipitates  the  whole  of  the  Ultacio 
and  the  amount  to  round  by  titration  with  stauilard  alkali 
in  the  uanal  way. 

Oncol   tin:  abitf  iliflii-tilti.s  in  treating  low  qui!!1  ■  ■■■i.-rial   id  the 

filtration  of  the  nearly  neutral  mixti 

the  principle  o!  Casamajor'n  filler  (C,  W.  xx*ii.  46),  using  un  c 
funnel  with  cither  platinum,  lead,  or  pumice  disc;    bu 
Bunsen's,  or  other  form  of  filter  is  used,  the  ivsultiiu;  filtrate  and  w 

fat  I  gin.  tartaric  acid  should  not  much  kre  rvsdy  for 

ibneqttnitiiih  of  tin-  hitartmtc  in  th«'  following  improved  wny; — 

(d)    To   she  fiO  >'.(*.  ,.  Id  solution  5  gm,  of  ota*dc 

chloride  is  added,  and  stirred  till  dissolved:   thii 

A  BO-por-oent,  solution  ol 
then  mixed  with  the  liquid 

tic  aejd  an  equal,  or  slightly  greater  oj  i  present. 

\\)   coDtinuoualy  in  tea 
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-  (Grosjcau) ;  if  the  temperature  is  much  above  IS*,  it 
T-i  -wait  hnlf  au  hour  a  Blh,™g     '1 

iiiim  alter,  and  the  washing  i^  made  with  i  (-per-eent  solul 
jHita*i<-  t&peraten  with   pOtaafio  l>ii:irlrate: 

if  ltvtii  eeeiuiejr  in  required,  Baa  eiael  acidity  of  the  solution  should  be 
(bund  by  (^alkali,  and  toe  waaoing continued  until  the  aha*)  do 

greater  eatdity,  thus  proving  the  absonoo  of  citric  acid.     Finally^  the  washed 
i  into  a  coke  to  free  il  troi  l  I  l-<jmii. 

beaker  with  the  filter,  hot   water   idded,  and  titrated  with 
standard  alkali. 

•  ■   filtration  can   !»*•  avoided   in   many  boom   bj 

80     tOgm.  at  --lii1  ipoattion  bjoaeJate,and  iit-utruli/in^ 

with  pobub,  making  up  bhe  volume  i<>  15o  or  KM  ling  water  in 

-corie*j»ondiiis  proportion   to  the  hulk  o(  the  residue,  laliquol 

1 1  «r  precipitation.    A  blauk  ex{«riment  made  by  Ores  jean  intMa 

■  •.  for  the  residue  in  10  irm.  Ice*.     Other  Tiling 

fore,  :*0  or  40  ^m  lively  l>e  niade  up  to  161  ana 

.  then  60  o.o.  utken  for  precipitation. 


CARBONIC  ACID  AND  CARBONATES. 

rbonatos   are  decomposed    bj   strong   audi;  the 
■  ii|  which  in  liberated  splits  uj)  into  water  and  oarbonic 
[ride  (C< »-'),  which  latter  t  scapes  in  the  gaseous  form. 

■  from  what  baa  been  said  previoush  an 
u   of   the  alkaline  thai   carbonic  acid   fin 

eombij  in    be   estimated   volumetrically  with  n  very  higb 

I  7  i 
Tin-   carbonic    acid    to   !*■    estimated    may    be    brought   into 
nation  with  either  calcium  or  barium,  theau  baaas  admitting 
neutral  carbozi  i 
li  th"  carbonic  acid  exist  in  a  soluble  form  ai  an  alkaline  mono- 
enrboBate,  the  deeoi         tion  is  effected  by  the  addition  of  baric  or 
ride  as  before  directed  ;  it"  as  hicarl  i   compound 

between    the  two,  ammonia    must   be    added  with    either  of   the 
cbJori 

■  "ii  of  ammonia  frequently  contains  carbonic  acid,  this 
1  f  removed  bj  the  aid  of  baric  oi   calcic  chloride,  previous 


1.      Carbonate*    Soluble    in    Water. 

Lhat  "lira  calcic  chloride  is  used  as 

hi    the   cold,   amorphous  calcic   carbonate    is  Hist 

this  com]H>mid   is  sensibly  soluble  in  water,  it   is 

i  convert  it.  into  the  crystalline  form.      In  the  alxni  nee  of 

ia  tliis  can  be  accomplished  by  boiling.  When  amronni  i 

ame  end  is  obtained  by  allowing  the  mix! 

stand   '  oi  ten  hours  in  the  cold,  or  by  beating   foi 

tQ     BO-  C.     With  barium  the  precipitation  is  regular, 
is,  th.it  when  ammonia  is  present,  and  the  precipi- 
,   m union i  ate   is 


formed,  mil  tin'  bftri)  ft  rjilcii 
ivcrcomo  by  h<  n 
a  couple  "f  hours,  and  h  besl  k  of  the 

flask  through  ■  rot  ring  1 1 *■  -   Hnsk  in 

water. 
When  caustic  alkali  is  pn  *  nl  En  the  mbal  mined, 

Ivisable  bo  nae  banum  ;i^  the  precipitant;  otherv 
vuluiiM  ..;   C  '    calcium  i*  t"  I"-  hi 

the  precipitate  i*  tuuch  more  quickly  aud  perfectly  washed 
mum  oompansd. 

Exam  pie j    1    gm.  of  puro  anhydrous  sodic   rarbonnte  was  dissolved   hi 
water,  pi  ■■  '■■  while  li"i  wits   boric  i 

Mttle  wall  l  through  u  mobt  filter,  more  bed  wsler 

ling  n   few  drops  <>:  nun  blob  ww 

repeatedly  (ioiiP  mo  thnfr  the  hulk  of  tin-  precipitate  remained  in  thi 

filter;  when  thi 
ce  ol  chlorine,  the  filter  was  transferred  to  the  Ua*k  ran 
bulk  i-r  the  |  ud  20  o.c.  i  (trie  arid  added,  then  titrated 

with  aormmJ  ilkaU,  ojf  whii  li  1*3 1  eid;  tfaia 

multiplied  by  0*02%  tho coefficient  turf.iii.Mnn-  icid,  gave  0*4136 
at^  or  multiplied  by  0*058,  the  coefficient   ror  »odi 
0  1904  ^m.  Instead  ol  i      i 


2.      Carbonates    Soluble    in    Acids. 

It  sometimes  occurs  thai  substance*   have  t<«  In-  examined  for 
carbonic   acid,  which   do  ii"t   admit    "f   being   treated   as  ;ii«-\ <• 

,   for  instance,   as    1 1  of    the  n 

oxides  (white  lead,  calamine,  i  imilus  of 

mill  cornier,  the  estimation  <>f  carlwnic  anil  in  cements, 
many  other  tubal  I  n  these  c 

I    from  the  combination  by  means  of  n  stn 
oonducted  into  an  al)eorption  apparatus  containing,  da,  then. 

precipitated  with  calcic  chlorid<  >t--<l  an  l »■  i 

The  following  form  <>F   apjKiratus  (fig.   25)   affot  factor) 

resulta, 

The  weighed  mbstanec  from  which  the  carbonic  acid  u  to  i 
placed  in  />  with  ■  little  wnterj   tho  tube  d  roeuJotie 

■aid,  and  e  brokeu   glass  wetted   with  nuimonia    rree  from  (*ArU>ui< 
The  flask  a  is  about  one-eighth  tilled  with 

a  quid,     When  ill  La  ready  and  the  corks  tight,  warm  the 
flask  u  gently  aa  ■**  to  ftll  it  »iil»  vapour  c  uonin   tin  d  op  n  tho  i 

allow  the  acid  i«<  Bow  oircumspectly  upou  tin*  material,  wh 
until  atl  oarbonio  acid  is  apparent!)  driven  off;  theu  by  bvitiiu/and  aaaking 
the  last  traooi  can  be  evolved,  utd   the  •  tided.     \\  ! 

apj'iniin-  may  be  opened,  the  end  "f  the  bout  tube 
[good  quantity  ol   boiled  distilled  water  [jossed  through  c,  «i  n*  U\  can  • 
■m  tminonio  earboaate  that  may  have  formed.     Th  n  add  solui 
ohloride,  boil,  filter,  and  titrai 

Ittui  i  .  and  while  ammonia   i*   present*  there   i*  it  jrrMt 

1  therefore  i 
and  tho  funnel  kept  owvered  with  a  imall  gfaun  piste. 
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tuny  be  estimated  bj   its  equivalent  u» 

in*  with  ^j,  silvt-r  mid  pot  hown  in 


Pig.  25. 


3.     Carbonic    Acid    Gas    in    Waters,    etc, 

©nic  acid  existing  in  waters  as  neutral  c  of  the 

rths  may  very  elegantly  and  readily  be  1  I 
17). 
WeD  or  spring  water,  and  also  mineral  waters,  containin 

muiiucd  by  collecting  measured  quantities 
tirce,  in  bottles  containing  a  mix  tun-  of  caleia 
end  amnionic  chloride,  aft  icating  the  mixture  in  boiling 

i   two  hours,  and  titrating  the  precipitate  .%s  before 
Iwd. 
Pettenlcofer'a  inrtti.nl  with  caustic  baryta  or  Lime  is  decidedly 
utln-r.     Lime  water  may  1»'  used  instead  of  baryta 
I    results,   but   core    must    be    taken    tl 
. ,  -t.illini'. 
Tin*  principle  i>f  tliu  method  i-  tluil  <*f  removing  all  the  carbonic 

water,  by  exi  ess  <>f  baryta  *»r  lime 
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:t1)  ;   wmI,  .ift.  i 
i    'i  or  Lime  1a    titration   v 
paper. 

Tin-  following  ia  the  boat  mnthorl  to  l"i  pursued   for  nrd 
drinking  wa1  quantities  of  carbon 

100  o.<  rater  tiro  put  *k  with  See.  ol 

i  >jf  amnionic  chloride: 
lime  watei 
LCfiol  abnormal  acid,  are  then  added, the  Bask  well  corked  and  put 
.  when  the  precipitate  is  fully  lubeided.,  !  the  oa1  SO  0.0.  of  the 
elan  1 1  •  1  •  1 1  >  1  with  a  pipette,  end  le1  this  l>p  titrated  with 

[red  must  be  multiplied  by  3  for  the  Ui  or  line 

i   v  taken  ;  (he  number  of  <■.<•.  *>  round  d 
deducted  fron  ii  »l  quantity  ■  or  the  bar*  idded; 

I  ,ninder  multiplied  tyrO"0028  will  ©ic  acid 

-  free  and  u 

dditioa  ••[  the  baric  or  oalcio  chloride  and  ammnm  11  madt> 

to  prevent  any  irMgumril^    Which  might  iiri-<;  from  llkaliue  rurltonateior 
sulphates,  or  from 

If  it  bo  desirable  t"  oecertain  the  volutin   «-f  carl 
tli.-    weight,    1000    c.  1    0"    nnd    0*70    rn.ni,, 

l'DGOO'l  gm.     100  cubic  inches  weigh  17*26  grain* 


4.      Carbonic    Acid    in    Aerated    Beverages,    ete. 

For  usei  rtaining  the  uuRntity  of  carhonii  acid  in  l>ottlcd  a 

.  the   fol 

nppui  1  i>il. 


u 

Kg.  20. 

1  brass  tube  made  lflte  a  corlc-borer,  aboul  barta; 

ii  ill  hole*,  two  on  each  ride, and  aboul  two  inched  fro 
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per  end  is  securely  connected  with  the  Ix'iit  tube  from  tl 
by  nitons  of  a  vulcanized  tube;  the  " 
pure  anunuuia,  iutu  which  ll  .  the  tube  a 

tenad  with  anmt" 

-  tube  ia  ^'n.is.  |,  ;n,.l  (l'.p  bottle  bain* 
rijrht  bond,  the  tnbe  i*  screwed  a  little  ablaut  through  ;! 

Ute  round,  until  the  hol<  ind  the 

AVlu  11  all  \i-ibl<  |fl  rented,  ftl'tur  llir 

:u  been  well  ehaket]  two  times  to  av 

eseela  are  quit  l,thetnbea 

added  uImi  ;  [lie  .. 
then  pr  ■•■  Lth  cnlcic  chloride  and  boiled,  and  the  precipitate  titrated 

1.    This  gii  id  bee  ead  combined. 

■  1  the  quantity  "f  the  latter,  another  bottle  of  tin-  bbbm  muiulaotare 
i,  and  the  residue  gently  ignited,  then  Stated 
■with  normal  ;i«-itl  end  alkali  ;  the  amount  nf  carbonfa  aafd  in  the  mono- 
carbonate  deducted  from  the  total,  will  give  the  weight  "f  free  xtu*  oriuiually 
irosent. 

00  !*.«•.  nf  oarbonio  eeidstQT, 
1*96988  i  ae.  therefore,  thai  the  total  weight 

»f  carbonic  acid  fei  "I  ordinary  node  water  wn.«  M 

oombined  with  alkali  042  gin.,  this  learee  8*tt  Km.  0 
free  atnie— 


100663  :  2-38 


1000    :   J-   =    1210  r.r, 


If  ti.  ;  carbonic  acid  found  ie  divided  by  the 

•  r  contained  in  the  bottle  examined,  the 

the  volume  of  ga§  compared  with  that  nf  the  aoda 

i  of  the  contents  erf  the  bottle  is  Mcertairiod  by 

i:irkiii.  lit  of  the  fluid  previous  to  making  tit1'  axparu 

■a  u*l s  tilled  to  the  same  murk  with  water,  emptied 

tto  o  cylindei    and    measured  ;    any    the    volume   WW 

i  pfora 

1210 

p-4-14  v. 


5.      Carbonic    Acid    in    Air. 

aaa  globe  or  liottle  capable  ->f  being  securely  closed  by  :i 
<n«l  holding  1  to  6  liters,  is  tilled  with  I 
I  by  meiui  uws  aspirator;  baryta  water  is  then 

bttrodu  inient   quantity    and    r>i    known   strength    aa 

--•I   with  i^fff  acid.     The  urely   closed,  and   the 

ml  1 1  a  -  ■  sides  at   intervals  during  half  an 
end  "I'  tli  i  c)un1  of  rlniidineaa  in 

red,   it   dj  isablc  to  refill  tin   bottle 

This  can  Lone  with  the 

h   occasion  to  agita 
vessel,  with  all  parts  <-f  its 

euofacr  during  th  hour.     When  sufficient  an  has 

■!.  tin-  baryta  w  t<mptii*d  "tit  ipttckly  in: 

it    with  distilled  free    from   '  II  ' 


9G  VOLUMETRIC  ANALYSIS.  §    26. 

rinsing  added  to  the  baryta,  and  the  excess  of  the  latter  at  once 
ascertained  by  yj^  hydrochloric  acid  and  turmeric  paper  as  described 
ill  §  14.9 ;  or,  instead  of  taking  the  whole  of  the  baryta,  that  and 
the  rinsings  may  Ikj  emptied  into  a  stoppered  cylinder,  made  up  to 
a  definite  measure,  and  half  or  one-third  taken  for  titration.  The 
final  calculation  is  of  course  made  on  the  total  baryta  originally 
used,  and  upon  the  exact  measurement  of  the  air-collecting  vessel 

It  is  above  all  things  necessary  to  prevent  the  absorption  of  CO2 
from  extraneous  sources  during  the  experiment  The  error  may  be 
reduced  to  a  minimum  by  carrying  on  the  titration  in  the  vessel 
itself,  which  is  done  by  fixing  an  accurately  graduated  pipette 
through  the  cork  or  caoutchouc  stopper  of  the  air  vessel,  to  the 
iqiper  end  of  which  is  attached  a  stout  piece  of  elastic  tube,  closed 
with  a  pinch-cock  ;  and  this  being  filled  to  the  O  mark  with  dilute 
standard  acid  acts  as  a  burette.  The  baryta  solution  is  placed  in 
the  air  bottle,  and  after  alworption  of  all  CO2,  a  few  drops  of 
phenolphthalein  are  added  through  the  ventilator,  and  the  excess  of 
baryta  is  found  by  running  in  the  acid  until  the  colour  disappears. 

The  cork  or  stopiier  must  have  a  second  opening  to  act  as 
ventilator ;  a  small  piece  of  glass  tulwj  does  very  well. 

If  a  freshly  made  solution  of  oxalic  acid  is  used  containing 
0*2863  gm.  per  liter,  each  c.c.  represents  1  mgni.  CO2.  The  liquid 
holds  its  strength  correctly  for  a  day,  and  can  be  made  as  required 
from  a  strong  solution,  say  28*636  gm.  per  liter. 

Another  method  of  calculation  is,  to  convert  the  volume  of 
baryta  solution  decomposed  into  its  equivalent  volume  in  ^  acid, 
1  c.c.  of  which  =  00022  gm.  CO2  or  by  measurement  at  0°  C.  ami 
760  m.m.  pressure  represents  1*119  c.c.  The  method  here  described 
is  a  combination  of  those  of  Pcttcnkofer  and  Dalton,  and 
though  much  used,  is  liable  to  considerable  error  from  various 
causes.  Haldane  and  Pembrcy  (C.  N.  lix.  256 — 269)  point  out 
that  at  the  Paris  Observatory  the  practice  is  to  absorb  the  CO3  in 
caustic  ]>otasIi  through  a  series  of  tubes,  then  liberate  it  by  acid 
and  measure  as  gas.  They  describe  in  the  same  paper  a  gravimetric 
method  of  their  own,  which  gives  very  accurate  results,  and  which 
depends  on  absorption  of  the  gas  by  soda  lime  and  weighing  the 
increase. 

For  rough  sanitary  purposes  Angus  Smith,  many  years  ago, 
described  in  his  Air  ami  Rain  a  minimctric  method  of  estimating 
CO2  in  air ;  it  depended  on  the  principle  that  the  purer  the  air  the 
larger  the  volume  of  it  is  required  to  produce  turbidity  with  lime  or 
baryta  water ;  this  method  was  open  to  the  objection  that  it  is 
difficult  to  tell  precisely  when  turbidity  occurs. 

Lunge  and  Zeckendorf  have  made  use  of  this  principle  with 
modifications,  which  appears  to  give  good  results  (Analyst  xiii.  185). 
They  use  a  T£v  solution  of  sodic  carbonate,  tinted  with  phenolph- 
thalein, the  decolouration  of  which  by  formation  of  bicarbonate  is 
taken  as  the  end-reaction.     Figures  of  the  apparatus  required  and 


i  \i:n 


''/*/,    ]•>  ing  a   translation   from    the 
.  < '!>•>,>.,  I H88,      I  have  serious 
,  whether  any  i  Lined  with 

where  the   CO*   ; ■   being  ab 
vi-r  iti  the  i  ose  of  <  '  )-'  i  I 
M 11  reel  i     ;  se]  for,  tin'  treatment 

ul  of   air  from  tli"  lungs  {./.   1 '.  $    I 
1  i  ,  .,    ni.l   tin-   analysis,    I  lo   nol 

bove. 


6.     Scheibler's    Apparatus   for   the   estimation    of    Carbonic    Acid 

by   Volume. 

is  adapted  for  the  estimation  of  the  CO*  contained 

rhonntcs,  i    rtificial  products,  and  has  been 

of  readil)  estimating  the  CO* 

!/.ir  refining,      The   principle  upon 

is  founded  is  simply  ilii>: — That  the  quantity 

of   t '■  i  i  calcic  carhonato  can  be  need  aeaanre 

t it v  "f  tint  salt  itself;  and  instead  of  determining,  aj 

■  ii   osunli;  ■.  the  quantity  of   gas.  1«\    weight,  this 

I   its  estimation  by  volume;  and  it  is  bj  this 

ible   t<>  perform,   in  a  few   minul  Lions  which 

take  hours  to  accomplish,  while,  moreover,  the 

i   ii I  si  -"->  any  knowledge  of  chemistry.     The 

lined   by  this  in  re  correct  enough  for  technical 

in  ti^'.  28,  ant]  consists  of  the  following 
parts: — The  gloss  vessel,  for  the  decomposition  of  the 

:   (i,   <  '  ' '.  « lii'  Ii   fur  that  purpose  is  t  j    ttetl 
lit  'I  .  this  acid  is  contained,  pn  vious  to  the  experiment, 

>.     Tin-  glass  stopper  of   A  is  perf 
i  it  tii'iiil-,    pi i  glass  tube,  tn  which   is  fastened   the 

mdisvrubbcr  tub<  i\  by  means  of  which  conim  i  is  opened 

with  15,  ;t  bottle  having  tin- penings  in  its  neck.     The  central 

npenin  tbe  (r)  firmly  fixed,  which 

communication,  ou  the  one  hand,  with   A,  by  means  <»f  the 

ttexihli  already  alluded  to,  and,  on   the  other 

-     l'T   with   .i  vn\    thin    india-rub1>er   bladder,    K. 

f)  of  the  vessel  I!  is  shut  oil"  during  the  experiment  by 

rubber  tubing,  kept  firmly  closed  with  a 

spring  clamp.      The  only  use  "!'   this  opening  "f   the  bottle  1!, 

[lherie  air  t*»  the 

I  \r,    if    n  i  pared.       The    other    i»[h 

vitli    tlii*   measuring  apparatus  ( ',   n   very  accurate 

I  .       'i       ty,  dividi  ■  ■  I  i  c.c.  ; 

portion  »>f  this  tube  C  ia  in  communication  with  the 

controlling  tin   . 

u 
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.liiiim-T.r.   to   which    is  fastened   tlio  india-rul 

;«i   1^,   lull  Tin*  CO)  iirtw.'i'il    ll  i 

i*  dosed,  ;iw  situ  at  y\  by  ineuna  uf  a  spring  clamp.      E  i»  a  i 

I    tlif  olmnp  at  ji,  the  water 


:  i 

1 

! 

II 

a 

7    1 

y?Bo^^R  | 

in  C  and  1)  runs  oil  tnwanlfl  K;  when  it  . 
water  contained  in  E  into  ('  and  1 ',  this 
liy  blowing  with  tlic  month  into  V,  uml 
nt  p. 
The  jiuiiti  portion  of   the  apparatus  i       i         i  ribed,  wi 
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f  Lite  vei  d  d    bras* 

icn  board;  a   bhermornotor  is  also  ottachod.     The 
of    the   apparatus  with   amtei  'lily   effect* 

itable  funnel  placed   in  the  open  end  of  the 
being  ta  n,  the 

up  Atp;  in  this  mannci  ruiw  into  K, 

Riled.     Distilled  water  U  preferable  for 

ones, 
water  el*  tins  in  K  as  long  as  the  apparatus  ia 

intended  t-  for  uaa.     When  it  ia  required  bo  hll  the 

id  I'  vs  ith  wat  ■  i'h  the  Ben  of  the 

of  the  instrument,  it  La  beat  to  remove  t  stopper  from  A. 

spring  damp  at  /j  is  uext  unfastened,  and  iii  ia  than  blown  by 
into  1  be  tube  V,  whii  onicatea  with  E  ; 

C  and  1*, 

tilled   with   that   liquid  to  the  same  height. 

Care  ahoiiM  1m-  tak<  the  watei   up  above   the  caro 

tcale  at  C,  honld  be  I  linal  forcing 

i  iini-1  ujt  that  It  would  run  ovw  into  tin-  tube  «. 

and  1 1 ■  to  ];,  whereby  :i  tote 

all  tie-  parte  of  the  apparatus  would  become  noraaimrrj     If  by  any 

uuld  have  been  forced  up  above  tlie  r,eru 

operator  had  cl  ipring  clamp  at  ^  this  is  easily 

remedied  b  ipening  thai  clamp,  whereby  room  is  given  for 

i !  ia  such  qi  '    may  be   required  to 

ie  li  velof  that  fluid  inC  precisely  with  the  reroof  the  scale. 

tnl»e  Cwitli  water  ha*  the  effect  of  forcing  the  air 

hat    tube  into    V-t  where   it  caoaea  the 

thin  iti'li.'  inl.]»  i    l > .- *  1 1  placed  within  B. 

tlii-.  india-rubber  ball  has  not   bi 

i  Mttened^it  ia  aeoaaairj  bo  unfasten  fha 

spring  damp  at  </.  and  to  cautiously  Mow  air  into  B,  through 

..   by  which  operation  the   complete  exhaustion  of  the 

tii-lia-rulfU't'  bladder  placed  within   I*  is  readily  performed.     Tin* 

required  onl  because  during  the  subsequent 

the  india-rubber  hladdci  K   i^  emptied  spontsm 

bile  the  filling  of  the  tubes  DandG 
rater  ia  I  I  with,  the  india-rubhei   bladder  K 

d   of  nil   before   the  water  ii 

i  of  the  water  in  the 

C  will  not  be  the  same,  but  will  I"-  higher  in  D: 

that  thia    slight  defect    can  be   at  once 

itilv  utif listening  the  spring  clomp 

-h"iiM  I-    :  us  to  !>»■  out  of  reach  of  direct 

1  should    also  be    protected    against   the  heat   of  the. 

tervention  of  a 

■  ■rth  window,  w  as  to  ail  for  reading  off 

■v.itcr  in  the  tubc>. 
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I    lin.'h  powdered   portion  i»l 


:  -tth-  with  the  wol 

D;  open  7  for  a  ad  Mi 

will  b  imetor  and  b 

with  the  right   band  round  the  neck 

that  the  by  i  s  with  tb- 

the  nine  time  with  the  left  hand  reflate  pt 
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lastly,  the  volume  being  reduced  to  0\  760  m.m..  and  the 
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Therefore  63-8  .  57*3  :  :  0-1201  :r,  or  r=0-10,-*2.  ronseqttoiitij 
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tTIMATION    OF    COMBINED    ACIDS    IN    NEUTKAi    SALTS. 
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can  only  bo  used  where  complete  separation  can  be  obtained,  and 
where  the  salt  to  be  analyzed  contains  a  fixed  acid  which  has  no 
effect  upon  hydric  sulphide.  A  weighed  jrartion  is  dissolved  in 
water,  brought  to  l>oiling,  and  the  gas  passed  in  until  the  metal  is 
completely  precipitated ;  which  is  known  by  testing  a  drop  of  the 
clear  liquid  upon  a  porcelain  tile  with  sulphuretted  hydrogen 
water,  or  any  other  appropriate  agent  adapted  to  the  metallic  salt 
under  examination. 

The  liquid  is  filtered  from  the  precipitate,  and  the  latter  well 
washed,  and  the  solution  made  up  to  a  definite  measure.  An 
aliquot  portion  is  then  titrated  with  normal  alkali  as  usual,  with 
one  of  the  phenol  indicators. 

In  the  case  of  nitrates  or  chlorides,  where  nitric  or  hydrochloric 
acid  would  interfere  with  the  hydric  sulphide,  it  was  found  that  the 
addition  in  tolerable  quantity  of  a  neutral  salt  containing  an  organic 
acid  {e.fj.  sodic  or  potassic  tartrate,  or  the  double  salt)  obviated  all 
difficulty. 

The  results  obtained  by  Gibbs  in  the  case  of  copper,  lead, 
bismuth,  ami  mercury,  as  sulphate,  nitrate,  and  chloride,  agreed 
very  closely  with  theory ;  but  the  process  would  be  very  objectionable 
to  many,  on  account  of  the  offensive  and  poisonous  character  of 
the  gas  necessarily  employed  in  the  precipitation. 

EXTENSION  OF  ALKALIMETBIC  METHODS. 

8  28.  lionLrc  (Z.  a.  a  1870,  310)  has  described  a  method 
for  the  estimation  of  sulphuric  acid,  baryta,  clilorine,  iodine,  and 
bromine,  which  appears  worthy  of  some  consideration,  since  the 
only  standard  solutions  required  are  an  acid  and  an  alkali. 

Alkaline  sulphates  are  known  to  be  partially  decomposed,  in 
contact  with  baric  carbonate,  into  alkaline  carbonates  and  baric 
sulphate.  The  decomposition  is  complete  in  the  presence  of  free 
carbonic  anhydride  ;  acid  carbonates  of  the  alkali-metals  are  left  in 
solution,  together  with  some  acid  baric  carbonate,  which  can  be 
removed  by  boiling.  The  solution  is  filtered,  and  the  alkaline 
carbonate  determined  by  means  of  a  standard  acid  solution,  and 
the  amount  of  sulphuric  acid  or  alkaline  sulphate  calculated 
from  the  amount  of  normal  acid  required.  This  process  has  been 
satisfactorily  used  by  Haubst  for  sulphates  in  waters  (C  A", 
xxxvi.  227),  and  by  Grossman  for  salt  cake  (C.  N.  xli.  114). 
See  also  §  16.15. 

Neutral  chlorides,  bromides,  and  iodides,  more  especially  of  the 
alkali-metals,  are  most  readily  decomjwsed  by  pure  silver  oxide 
into  insoluble  silver  salts,  leaving  the  alkali-metal  in  solution  as 
hydrate  (ammonia  salts  always  excepted),  which  can  then  bo 
determined  as  usual  by  standard  acid. 

The  author  treats  solutions  containing  sulphates  of  the  heavy 
metals,  of  the  earths  or  alkaline  earths,  and  free  from  acids  whoso 


AI.KALKMETJilC     METHODS. 


103 


!ll«l      illUllrllrr      tllC      tli'-il.      \ 

with  kflol 

hie  or  trebl  -f  alkaline 

lion.     From  !  t-.  1 .1  gin,  ol  Bubstance  is  operated 
rpoo  in  .i  Bask,     The  solution  is  made  ap  to  BOO  «.<.,  wall  shaken, 
:  ite  allowed   to  re  then   fill 

■  i  idardncid  und  methyl  i    I  '<  •  i     I    I 

d    in   like   manner  inl  r  flask,  and 

i  tout  100  !•,'■.  of  hot  water  ;  thi 

run  in  nt  onco  Pre  >Iutii>n 

lilutod   bo  350  cc ;   and  aboi  i  [*>nnte 

.  and   th''  liquid 
tion    'i    the   alkaline  Bulphate  n 
The  flask  should  I-'  u|>ened  now  and 
to  allow  tli--  carbonic  mhyd  Finally,  aboa! 

!    ite  is  added,  the  whole  well  shaken, 
i«l  a  portion  of  the  rapid!  >  liquid  tasted  qualitatively  for 

sulphuric  acid.     The  result  should  be 

the  origin  d  solution,  an  then 
uvl  titr.it"!  with  n  of  sulphuric 

naL 

..Iriilr  is  thus  phu  i  d  in  the  liquid 

iterdf,  proi  ided  the  quantity  oi  pots  be  not  boo  smalL 

K  >-  >*  +  2K-0  i;  [  2HC1  +  BaCt^wfterj 

ifficient  wafc  r  change  I-2KHO  i+l'KCI, 

ore  than  sufficient  to  add  twice  the  quantity 

tjii  ired  with  the  alkaline  sulphate  operated 

hydrate  is  added  with  a  view  of  removi  i  rbonic 

the   liquid   aftei   boiling,  which  would  otherwise 
excess  of  baric  carbonate  contained  iii  the 

quired  to  remove  CO1  is  acted  upon  by 
mate,  hut  does  nol      I        ■  i    I ;:    tin  dti  suit 
•■  and  oxalic  acids  the  author  proposes  to  remove  1>\ 

id    by  deoxidising  a 
sohol  and  hydrochloric  acid.     Bohlig  reconunandfl 

<    i     mlphuric  acid  in  oahi  1  t,  Staesfuith 

ijj   baryta   are   estimated    in   like   manner  bj 
:  ton  with  t  Iphalo 

acid.     ( !hlorine  i>  determined 
by  Krst  precipil  liloride  with  pol      i 

dded     in    niodcrnt"    i-\r,-,-s.       The    tlltr.it-'    is    nndrtip    U) 

nrfronato  determined  in 
I  solution  of  HCl.     I2f>  cc  of  the  solution 
ated  with  -  !  made  up 

100  e.e. 


104  VOLUMETRIC  ANALYSIS.  §    28. 

of  the  filtrate  are  titrated  with  normal  hydrochloric  acid.  The 
difference  between  the  quantity  of  acid  required  in  the  last  and 
that  of  the  first  experiment,  multiplied  by  5,  gives  the  amount  of 
chlorine  contained  in  the  original  solution.  A  portion  of  the 
filtrate  should  he  tested  for  chlorine  by  means  of  niercurous  nitrate. 

The  filtrate  is  obtained  perfectly  clear  only  in  the  presence  of 
some  potassic  or  sodic  carbonate,  and  by  employing  argentic  oxide 
free  from  argentous  oxide.  A  few  drops  of  pure  potassic  per- 
manganate added  to  the  argentic  oxide  preserved  in  water  prevent 
formation  of  the  latter.  The  oxide  to  be  employed  for  each 
experiment  is  filtered  when  required,  and  thoroughly  washed. 

Bromine  and  iodine  are  determined  in  like  manner.  The  author 
has  not  been  able,  however,  to  estimate  the  mixtures  of  the  halogen 
salts ;  but  he  has  made  the  interesting  observation  that  potassic 
iodide,  when  tailed  with  jiotassic  permanganate,  is  completely 
oxidized  into  iodate.  This  facilitates  the  detection  of  small 
quantities  of  chlorine  and  bromine,  in  the  presence  of  much 
iodide.  The  greater  part  of  iodate  may  be  separated  also  by 
precipitation  with  baric  nitrate  before  determining  chlorine.  The 
standard  acid  solutions  which  Bohlig  employed  contained  not  more 
than  one-third  of  the  equivalent  of  HC1  or  SO3  per  liter. 

For  further  particulars  the  reader  is  referred  to  the  original 
paper  (Arch.  Plana.  3  cxlv.  113). 

Hiobold  (Year  Poole  of  Pharmacy,  1878,  518)  describes  a  very 
ingenious  process,  devised  by  himself,  for  the  titration  of  caustic 
and  carbonated  alkalies  by  means  of  prussic  acid,  the  principle  of 
which  is  explained  in  §  55.  The  process  is  useful  in  the  case  of 
carbonates,  since  CO2  is  no  hindrance. 

0'5  to  1  gm.  of  the  alkali  or  alkaline  carbonate  is  dissolved  in  about  100  c.c. 
of  water,  and  an  excess  of  hydrocyanic  acid  (say  10  or  20  c.c.)  of  5  per  cent, 
solution  added;  then  T^  silver  solution  cautiously  added  with  constant 
stirring  until  a  faint  permanent  turbidity  occurs.  Each  c.c.  of  ■&  silver 
=00138  gm.  K4CO»,  or  00106  gm.  Na*CO*. 

In  the  case  of  chlorides  being  present,  their  quantity  may  ta 
determined  by  boiling  down  the  mixture  to  about  half  its  volume 
to  expel  all  free  prussic  acid,  adding  a  drop  or  two  of  potassic 
chromate  as  indicator,  then  titrating  with  ■£$  silver.  Any  excess 
above  that  required  in  the  first  titration  will  be  due  to  chlorine, 
and  may  be  calculated  accordingly. 
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but  the  following  are  given  as  sufficient  for  almost  all  purposes, 
and  as  being  susceptible  of  the  greatest  amount  of  purity  and 
stability  of  material,  with  exceedingly  accurate  results : — 

1.  Permanganate  and  ferrous  salts  (with  the  rose  colour  as 
indicator) ;  permanganate  and  oxalic  acid  (with  the  rose  colour 
as  indicator). 

2.  Potassic  bichromate  and  ferrous  salts  (with  cessation  of  blue 
colour  when  brought  in  contact  with  red  jwtassic  prussiate,  as 
indicator). 

3.  Iodine  and  sodic  thiosulphatc  (with  starch  as  indicator); 
iodine  and  sodic  arsenite  (with  starch  as  indicator.) 


PREPARATION     OF    STANDARD     SOLUTIONS. 

PERMANGANIC    ACID    AND    7XBBOUS    OXIDE. 

1.    Fotaaslo  Perm  an  fan  ate. 

Mn2K2Os  =  315*6.     Decinonnal  Solution  =  3*156  gm.  per  liter. 

§  30.  The  solution  of  this  salt  is  best  prepared  for  analysis  by 
dissolving  the  pure  crystals  in  fresh  distilled  water,  and  should  be 
of  such  a  strength  that  17*85  c.c.  will  oxidize  1  decigram  of  iron. 
The  solution  is  then  decinormaL  If  the  salt  can  be  had  perfectly 
pure  and  dry,  3-156  gm.  dissolved  in  a  liter  of  water  at  16°  C.  will 
give  an  exactly  decinormal  solution ;  but,  nevertheless,  it  is  always 
well  to  verify  it  as  described  below.  If  well  kept,  it  will  retain  its 
strength  for  several  weeks,  but  should  from  time  to  time  be 
verified  by  titration  in  one  of  the  following  ways  : — 

2.     Titration    of  Permanganate. 

(a)  With  Metallic  Iron. — The  purest  iron  to  be  obtained  is 
thin  annealed  binding-wire  free  from  rust,  generally  known  as 
flower  wire. 

About  O'l  gm.  of  wire  is  dissolved  in  dilute  pure  sulphuric  acid,  by  the 
aid  of  heat,  in  a  small  flask  closed  with  a  cork,  through  which  a  fine  gloss  tube 
is  passed,  so  that  the  hydrogen  which  is  evolved  escapes  under  Blight  pressure, 
thus  preventing  the  access  of  air;  or  the  apparatus  shown  Id  §  59  may  be 
used.  When  the  iron  is  all  dissolved  the  flask  may  be  two-thirds  filled  with 
cold,  recently  boiled,  distilled  water,  and  the  titration  with  permanganate 
commenced  and  concluded  as  in  the  case  of  the  double  sulphate. 

The  decomposition  which  ensues  from  titrating  ferrous  oxide  by 
permanganic  acid  may  be  represented  as  follows : — 

lOFeO  and  Mn*07«2MhO  and  5Fo*03' 

(ft)  With  Ammonio-ferroua  Sulphate. — In  order  to  ascertain 
the  strength  of  the  ]>ermanganate,  it  may  be  titrated  with  a 
weighed  quantity  of  this  substance  instead  of  metallic  iron. 
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rdration.    uijo  gm.  of  the  pure  acid  iato  be  a 
nured  with  u  pipette,  brought 
i  of  the  ip  i  iMi.-uliT.iMv' 

diluted   with  water,  then   wanned  to  about  60"  C,  and  ihc  jiermanv.'anatc 
added  from  toe   burette.    The  colour  dj  at  tinrt,  bm 

rapidly,   becoming    first   brown,   then   yellow,  and  .so  on   t.» 
I  in  this  case  than  in  thetitzation 
ipid. 

(rf)     With  Lead  Oxalate.— St  >1  ha  prefer!*  tin-  silt  to  oxalic  arid,  for  the 
ii  i  water,  i.-  not  liable  to  absorb  any  Cram  exposure! 
u'lit,  1  pnrt  (if  the  nit  representing o  ;_ 
I  =  147'2  lent     i 

similar  to  that  with  oxalic  acid,  using  dilute 
lixturc  to  insure  the  complete 
U   into  lend  sulphate  ami  free  oxalic  acid.     Bod* 
t hydrous  and  equally  ^rviceable. 
••-id  oxalate  is  prepared  acetate  «ith  oxalic 

".-  the  precipitate  bj  docantation  with  warm  water 
o  acid  is  rcuiored ;  the  precipitate  is  then  dried  at    LOT    (\,  and 

to  use  amnionic  oxalate  in  phuoeof 
i  ut  lead  oxalate,  as  b  Leftnite  hvdrotion,  and 

•   -Ml'     CO*,' WO     142= 
The  titr,.i  tlic  acid. 
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(?)  "With  Hydrogen  Peroxide  in  the  Nitrometer. — 111  a  pa]>er 
on  tins  subject  by  Lunge  (J.  S.  C.  I.  ix.  21),  it  is  shown  by 
very  carefully  conducted  exi>criiiienta  with  purest  materials 
and  verified  apparatus-  that  exceedingly  accurate  results  may  be 
obtained  by  the  modified  nitrometer  with  patent  tap  (illustrated 
at  the  end  of  Part  VII.).  Lunge's  experiments  were  made 
on  a  semi-normal  solution  of  permanganate  (1  c.c.  =  0*004  gm.  O), 
but  whether  equally  exact  results  would  l>e  obtained  with  yjf 
jiennangauate  I  cannot  say,  not  having  tried  it ;  but  of  course  an 
approximately  semi-normal  solution  may  be  made  and  reduced  to 
either  £  or  -fu  strength,  if  desired,  by  dilution/ujithv. freshtHstilJed 
water.  The  exact  method  of  using  this  ttgw^gftWCTOTCT5\mIbo 
described  under  the  head  of  ^Nitrometer  in  Part  VII.  ;  but  so  far 
as  permanganate  is  concerned  it  Mas  found  that  convenient 
quantities  of  substances  to  use  were  10  c.c.  of  £  permanganate, 
15  c.c.  of  ordinary  10  volume  li20~,  and  30  c.c.  of  sulphuric  acid 
1  :  5.  The  nitrometer  having  been  charged  with  water,  the 
mixture  Mas  shaken  tip  and  allowed  to  stand  ten  minutes,  shaken 
again  and  read  off  after  five,  minutes.  The  volume  of  oxygen 
so  obtained  was  corrected  for  temperature  and  pressure,  then 
calculated  into  weight.  The  results  of  three  experiments  using 
the  quantities  mentioned  above  were  as  follows : — 

1.  Corrected  volume  of  O  5592  c.c. -OOO4O07  gm. 

2.  „  „  „    55*82  c.c.  =  0-004000   „ 

3.  „  „  „     55-82  c.c.  =  0-004000   „ 
Average  0  004002  gm.  of  oxygen  per  c.c.  of  solution. 

Three  experiments  with  the  same  permanganate  solution  gave, 
when  iron  wire  was  used,  an  average  of  0*00399  gm.,  and  with 
oxalic  acid  0-003997  gm.  of  oxygen  respectively  per  c.c. 

As  Lunge  says:  "We  cannot  but  infer  that  standardizing 
a  solution  of  permanganate  with  hydrogen  peroxide  in  the 
nitrometer  when  observing  the  prescribed  precautions  is  one  of 
the  most  accurate  known  methods  for  this  purpose,  and  withal 
possesses  the  great  advantage  that  it  is  carried  out  within  an 
extremely  short  time,  without  requiring  a  fundamental  substance 
of  accurately  known  composition." 

Many  other  substances  have  been  proposed  for  standardizing 
permanganate,  such  as  potassic  ferrocyanide,  thiocyanate,  vanadic 
oxide,  etc.,  but  they  are  all  inferior  in  value  to  those  above  named. 

3.     Precautions   in    Titrating-   with    Permanganate. 

It  must  be  borne  in  mind  that  free  acid  is  always  necessary  in 
titrating  a  substance  with  permanganate,  in  order  to  keep  the 
resulting  manganous  oxide  in  solution.  Sulphuric  acid,  in  a  dilute 
form,  has  no  prejudicial  effect  on  the  pure  permanganate,  even  at  a 
high  temperature.  With  hydrochloric  acid  the  solution  to  bo 
titrated  must  be  very  dilute  and  of  low  temperature,  otherwise 
cldorine  will  be  liberated  and  the  analysis  spoiled,     This  acid  acts 
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■Union, 
Mirn-,  inn  i    riPO+10Cl+SMn< 

luc  to  titi*  reaction  in;i\  bo  entirety  oh 

.nous  "i  inagnBeic  sulphate 

kind  decomposes  tlie  pornjangannte,  ami 
mot  !»'  tittered  tin- 
■  I    in    M  ■  ted    by  the 

It  may,  however,  be  filtered  through  gun 

■    . 

TITRATION    OF    FERRIC    SALTS    BT    PERMANGANATE. 

Aix   ferric   coinpouiidfl    requiring    to 

.  be  reduced    to  tin 
i  mphshed  1'V  metallic  zinc  or  magnesium  in  sulphuric 

InLi'-n.     Hydrochloric  maj  alsu  be  used  with  the  precautions 

lir.l. 

Tin-    redm  >i\  simply  adding  to    the  warm  diluted 

solution  small  pieces  of  zinc  (free  from  iron,  ca  i* t,  teasi 
known  quantity   present)  or  coarsely  powdered  magnesium  until 
Dolourlaaa  ;  or  until  -i  drop  of  the  solution  brought  in  contact  with 
,i  drop  of  potassic  oiUphocyanido  produces  ii"  ted  colou]       -Ml  the 
■    mm  mutt  '*'  dhwolvi*l  previous  to  the  titration. 
Tin-  iu;i\  be  hastened  considerably  as  shown  iti  g  59.3. 

ductiou  Is   complete,  no   time   should  be  lori   in 
titrating  the  solution. 

CALCULATION    OF    ANALYSES    MADE    WITH 
PERMANGANATE     SOLUTION. 

Tub  calculation  of  analyses  with  permanganate,  if   tha 

■  ormal,  can  b«  made  by  ascertaining  its 

reducing  tlie   nuiultei    of    c.c.   used   f"i*   it   to   decdnonnfl] 

ami  multiplying  the  number  of  c.c  thus  found  by  lo{00 

<-t  die  equi  rvight  of  the  substance  sought;  f or  inatani 

Suppose  tliat  IS  c.c.  of  permanganate  solution  lia  found 

t..   aqua]   0-l    gni.    iron;    it   is    required    to  the    15   ■ ..-. 

to  Jecinormal  Btrength,   which   would   require    1000  cc,   of   per- 

thercfore  5*6  :   1000  :  :  0*1  :  x  = 
009996  gut  iron,  which  is  as  near  t  i 

I        <  >r    till  i J     U)    I.    lure 

\y  lie  found  as  follows  ;■    EH   :   15  ;  : 

therefore   s     =1*19.     Consequently   1*19  ii  the 

in..'   the   itumlter  of    c.c.   ..1*    tlmt   special 

lute  used  in  ;ulv  analysis  t  ■  -  the  decinoraml  strength,  from 

snl^tancc  I      may  he   found    in   the 
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Another  plan  is  to  find  the  quantity  of  iron  or  oxalic  acid  repre- 
sented by  the  permanganate  used  in  any  given  analysis,  and  this  being 
done  the  following  simple  equation  gives  the  required  result : — 

Fe  (56)  eq.  weight  of  the  weight  the  weight  of 

or        :     the  substance    :  :    of  Fe  or       :        substance 

O  (63)  sought  O  found  sought 

In  other  words,  if  the  equivalent  weight  of  the  substance  analyzed 
be  divided  by  56  or  63  (the  resj>ective  equivalent  weights  of  iron  or 
oxalic  acid),  a  factor  is  obtained  by  which  to  multiply  the  weight 
of  iron  or  oxalic  acid,  equal  to  the  permanganate  used,  and  the 
product  is  the  weight  of  the  substance  analyzed. 

For  example:  sulphuretted  hydrogen  is  the  substance  sought^ 
the  eq.  weight  of  H2S  corresponding  to  2  eq.  Fe  is  17 ;  let  this 

17 

number  therefore  be  divided  by  56,  ^>-  =  0*3036,  therefore,  if  the 

quantity  of  iron  represented  by  the  j>ermanganate  used  in  an 
estimation  of  H-S  be  multiplied  by  0*3036,  the  product  will  be 
the  weight  of  the  sulphuretted  hydrogen  sought. 

Again :  in  the  case  of  manganic  peroxide  whose  equivalent 
weight  is  43 '4. 

The  weight  of  iron  therefore  found  by  permanganate  in  nny  analysis 
multiplied  by  the  factor  0*775  will  give  the  amount  of  manganic 
peroxide,  MnO2.     Again:   if  m  gm.  iron  =  k  c.c  permanganate, 

then  1  c.c.  permanganate  =  ,.  gm.  metallic  iron. 

The  equivalents  here  given  are  on  the  hydrogen  scale,  in 
accordance  with  the  normal  system  of  solutions  adopted  ;  and  thus 
it  is  seen  that  two  equivalents  of  iron  are  converted  from  the 
ferrous  to  the  ferric  state  by  the  same  quantity  of  oxygen  as 
suffices  to  oxidize  one  equivalent  of  oxalic  acid,  sulphuretted 
hydrogen,  or  manganic  peroxide. 

1  c.c.  dccinormal  permanganate  is  equivalent  to 
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Whi  ii  possible  tin    necessary  (acton  will  1  n  the  tables 

nee, 

CHROMIC    ACID    AND     PEKK0U3    OXIDE. 

no  bichromate]  which  appears  to  □   first 

,    I Vn n\ ,  possesses  tin*  adv  i 

neat  in  solution,  m  be  obtained 

n  maj   bo  used  in  Mohr'fl  burette 

mlcrgoing  tl  ge  peculiar  to  p«  "ii  tin- 

other  hand,  tin'  end  •  i  in  the  intimation  of  iron  can 

only  In.-  known  l  ;  indicator;  that  ia  to 

tit*  mixture  ia  brought  in  contocl  with  a  drop         ■  '  rfcion  <<f  red 

upon  a  white  dab  or  plate, 

iWhi  in  tolerable  excess,  .1  rich  blue  colour 

kl  the  point  of  contact  between  the  drops ;  but  oa  this  i 
eontim  -n  by  the  addition  of   the  bid   ■        a,  tin-  blue 

imewhat  tiirbiil,  having  tii*st  a  green,  tb  i  jr,  and 

I  t-tlv    .1   bi  le,      When    t1'  ash-blue   tint   b 

finished.     Thi  ;  changes  in  the 

i  same 
lit:-  :  ■■!. 

Tin-  reaction  between  chromic  acid  and  Barn       osd  le  may  be 
ula  : 

B(  i         |      |      |     i  i    :-;;k,^o:i. 

&a    d  ion    takes    plan-   immediately,    and    aJ    ordinary 

tice  of  free  sulphuric  or  hydrochloric  acid. 
Nitric  aci  »urse  inadmiasible. 

TIm-  reduction  <>f  ferric  componnda  to  tin*  ferrous  state  may  1"' 
•lM'<-ii    l'\     zinc,*  m,    sodic    sulphite,    amnionic 

Usnlpnite,   <•■    sulphurous   add  ;   or,  instead   ><i   these,   atannons 
chloric]  l.  which  acts  very  rapidly  as  a  reducing  agent 

How  colour  of  ili-  solution  d 
itcly. 
In  ;!  •    iron  ores,  redaction  bj    the  latter  n  very 

,    however,    is   necesaury   that   the 
,  as  tliis  would  eonsinna 
solution  equally  with  the  ferrous  oxide,  and 
ilt.-. 

low  colour  of  the  iron  solution  may  with 
carcl»  i  indicator  of  the  point  of  reduction. 

it  ion  of  iron  is  heated  to 
y  dilute  tin  solution  added  w  1 1 1  *  a  pipette, 
moment   for  ouch  addition  till  the  colour 

i  en  jH.iir-  <l  intoa  beaker,  diluted 

*  Wh«n  tkae  U  uaed,  tb«  zinc  frrrifjranidc  jtomewhnt  obtct.rea  tin*  critical  point  in 
tor. 
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with  boiled  ami  cooled  water,  and  titrated  with  the  bicliroinatc  as 
usual.  An  extra  security  is  obtained  by  adding  a  few  drops  of 
potassic  sulphoeyanide  to  the  solution,  the  disappearance  of  the 
blood-red  colour  indicating  that  no  more  ferric  oxide  is  present. 

In  order  to  obviate  the  inaccuracy  which  would  be  produced  by 
an  excess  of  tin  in  the  state  of  protosalt,  Mohr  recommends  that 
chlorine  water  should  be  added  by  drops  to  the  mixture,  until  a 
roil  moistened  with  it  and  brought  in  contact  with  blue  iodide  of 
starch  paper  no  longer  removes  the  colour ;  the  excess  of  stannous 
chloride  is  then  all  converted  into  stannic  chloride,  and  the  titration 
with  bichromate  may  proceed  as  usual. 

It  is  absolutely  necessary  that  the  solution  of  potassic  ferri- 
cyanide  used  as  the  indicator  with  bichromate  should  be  free  from 
ferrocyanide ;  mid  as  a  solution  when  exposed  to  air  for  a  short 
time  becomes  in  some  measure  converted  into  the  latter,  it  is 
necessary  to  use  a  freshly  prepared  liquid. 


1.    Preparation  of  the  Decinormal  Solution  of  Bichromate. 
4 '9 13  gin.  per  liter. 

The  reaction  which  takes  place  between  potassic  bichromate  and 
ferrous  oxide  is  as  follows  : — 

6FcO  +  Cr2K20r  m  3Fe203  +  Cr203  +  K20 

It  is  therefore  necessary  that  \  oq.  in  grams  should  be  used  for  the 
liter  as  a  normal  solution,  and  ^  for  the  decinormal ;  and  as  it  is 
preferable  on  many  accounts  to  use  a  dilute  solution,  the  latter  is 
the  more  convenient  for  general  purposes. 

According  to  the  latest  and  most  reliable  researches,  the  equivalent 
number  of  chromium  is  52*4,  and  consequently  that  of  potassic 
bichromate  is  294 '8  ;  if,  therefore,  ^  of  tlus  latter  number  =  4*914 
gin.  be  dissolved  in  a  liter  of  water,  the  decinormal  solution  is 
obtained.  On  the  grain  system,  49*14  grains  to  10,000  grains  of 
water  will  give  the  same  solution.* 

1  c.c.  of  this  solution  is  capable  of  yielding  up  -r^J^  eq.  in 
grams  of  oxygen,  and  is  therefore  equivalent  to  the  Tootm  eq.  of 
any  substance  which  takes  up  1  equivalent  of  oxygen. 

2.      Solution    of  Stannous    Chloride. 

About  10  gin.  of  pure  tin  in  thin  pieces  are  put  into  a  largo 
platinum  capsule,  about  200  c.c.  strong  hydrochloric  acid  poured 
over  it,  and  heated  till  it  is  dissolved  ;  or  it  may  be  dissolved  iu  a 
porcelain  capsule  or  glass  flask,  adding  pieces  of  platinum  foil 
to  excite  a  galvanic  current.     The  solution  so  obtained  is  diluted  to 

*  Pure  bichromate  powdered  and  dried  in  the  air  both  should  be  used,  and  not  the 
fused  salt. 
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I     r,  I    in   the   bottle 

■  lii'-li  the                           i  tltrougb  a  *i; 

Win  ii  kept  in  this  manner, 

r   materially    in    n  mouth.       Ii'    not   so 

tlutiou  v.ii  ■  i  day,  iiii'l 

rays   be   titrated    before  mm    ■               I  -.1   in 
50  I 

'*  Iron    Titration:  0'7  m.  of   pUtt  Hid  drv  Jiuinifiiim-f. 

Q  i  got  iron,  «as  dissolved  in  miter,  uid  titrated  with  decinorinal 
o.  irere  required  .  this  multiplied  bj  0 
1 1  instead  ol  0-7  snn. 
d!  iron  wire  reej^ured  0*5588  gin.;  u   1  is  itopoerible 

;  undoubtedly  m, 

aolut inn  >Ih>iiM  from   1  ound  uol 
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IODINE    AND    SODIC    THIOSULPHATE. 

nciple  of  thus  now  beautiful  and  exact  method  of 

ivered  by  Dupnstjuii  r,  who  used  .1  solution 
!    oj    sodic   thiosulpluitc.       1' hum- ii    iiu- 

ii)"-]   considerably    by   ascertaining   blic  aourc 

■  •  which  it  was  Liable,  which  consisted  in  the  oft 

1  tii m  "f  Bitlphti  n  between 

ii.l  verj  dilut*  y  '•<■  represented  by  the 

-r  t  jll*  1     3HI+lPfi 

id  is  more  eonopntnited,  i.e.  alwve  0*04   per 
time  tii«  the  11  regularit (    ol 

with  tin'  t|ii:ini_it\  of  water  1  ■:■  id  the 

if  iodine  is  added.* 
SulphurouH  acid,  however,  very  rapidly  changes  1»\  keeping 

■  1,  and  cannot  therefore  '•<■  uai  -!  for  a 

1  tiou  '■(  sot  lie  thiosulphate  is  ti 
■     1  uismuch  uh  tin*  -  -  ■  It   i>  vua\\\  obtained  in  n  pure 
nil   m.i\    i><    directly   winched    fur  1 1  »•  -  standard    solution.      The 
. 

f  21  -2Xal  +  Xa-,k*o", 

;    thiosulphuric  acid  1  rgen   from 

reduction  and  hydi  ids  in 

itiuu  with  soda. 

in  the  end  ->f  the  reaction  in  analysis  by  this 

ktu  and  sensitive. 

■  1  by  the  method  of  (J  ilea  and  fill  oarer  ( 
~ '  ■    or  nilphitm  ol  any  Btrengtb  may  be  accurately  tilraU-l  mtfc 

•>j  the  former  in  txom,  ami  nlmi  tin*  n.wct.    a 
cxcom  of  iodine  with  thiosuli'UAtc. 
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for  the  purpose  is  starch,  which  produces  with  the  slightest  trace  of 
free  iodine  ill  eoM  solution  the  well-known  blue  iodide  of  starch. 
HydriothV  or  mineral  acids  and  iodides  have  no  influence  u]x>u  the 
colour.     Caustic  alkalies  destroy  it 

The  principle  of  this  method,  namely,  the  use  of  iodine  as  an 
indirect  oxidizing  body  by  its  action  ujhhi  the  elements  of  water, 
forming  hydriodic  acid  with  the  hydrogen,  and  liberating  the  oxygen 
in  an  active  state,  can  be  applied  to  the  determination  of  a  great 
variety  of  substances  with  extreme  accuracy. 

Bodies  which  take  up  oxygen,  and  decolorize  the  iodine  solution, 
such  as  sulphurous  acid,  sulphites,  sulphuretted  hydrogen,  alkaline 
thiosulphites  and  arsenates,  stannous  chlorides,  etc.,  are  brought 
into  dilute  solution,  starch  added,  and  the  iodine  delivered  in 
with  constant  shaking  or  stirring  until  a  point  occurs  at  wliich 
a  final  drop  of  iodine  colours  the  whole  blue — a  sign  that  the 
substance  can  take  up  no  more  iodine,  and  that  the  drop  in  excess 
has  shown  its  characteristic  effect  upon  the  starch. 

Free  chlorine,  or  its  active  compounds^  cannot,  however,  Ik* 
titrated  with  thiosulphatc  directly,  owing  to  the  fact  that,  instead  of 
tetrathionic  acid  living  produced  as  with  iodine,  sulphuric  acid  occurs, 
as  may  lie  readily  seen  by  testing  with  baric  chloride.  In  such 
eases,  therefore,  the  chlorine  must  lie  evolved  from  its  compound 
and  passed  into  an  excess  of  solution  of  pure  jiotassic  iodide,  where 
it  at  once  liberates  its  equivalent  of  iodine,  which  can  then,  of 
course,  be  estimated  with  thiosulphate. 

All  bodies  which  contain  available  oxygen,  and  which  evolve 
chlorine  when  boiled  with  strong  hydrochloric  acid,  such  as  the 
chromates,  manganates,  and  all  metallic  peroxides,  can  be  readily 
and  most  accurately  estimated  bv  this  method. 


1.     Preparation  of  the  Declnonnal  Solution  of  Iodine. 
I  =  126*y  ;  12*65  giu.  per  liter. 

Chemically  pure  iodine  may  Ik*  obtained  by  intimately  mixing  dry 
commercial  iodine  with  about  one-fourth  of  its  weight  of  potussic 
iodide,  and  gently  heating  the  mixture  between  two  large  watch- 
glasses  or  pom-lain  capsules;  the  lower  one  being  placed  upon  a 
heated  iron  plate,  tin*  iodine  sublimes  in  brilliant  plates,  which  are 
absolutely  pure. 

The  watch-glass  or  capsule  containing  the  iodine,  is  placed  under 
the  exsiccator  to  cool,  and  also  to  deprive  it  of  any  traces  of  watery 
vapour;  then  12*60  gni.  are  accurately  weighed,  and  together  with 
about  18  gin.  of  pure  jwitiissic  iodide  (free  from  iodate)*  dissolved 

*  Morse  and  Burton  (Amer.  Cfitm.  Jour.,  1888)  state  that  potassic  iodide  mar  **» 
completely  freed  from  iodate  by  boiling  a  solution  of  it  with  sine  amalgam,  prepared 
by  shaking  zino  dust  in  good  proportion  with  mercury  in  presence  of  tartaric  acid.,  and 
washing  with  water.  Tbe  iodate  is  completely  reduced  with  formation  of  xiac  hydroxide. 
The  pure  solution  of  iodide  is  filtered  for  use  through  a  paper  filter  saturated  with  hot 
water. 


ifKTKK 


II 


1  diluted    :      i  one  liter.     The 

Lined  by  diasoh  ioxKnu, 

nil    180  of  i«.  tie,  in   10,000  grains  of  w&tea  ;  m  cithci 

n  is  strict]  Th<*  Dam  moat  not  bo 

en  th:it 
ire  tint  losl  iu  i  km. 

fierce!  bottles,  Vc  *  -  j  -t    in   the 
!    which   should    bo   completed)    filled;    but    anded   un 
■    dure  mil   \\"\  well   for 

.•f    tmi.-,    ,ui'l    - ■>»nH"|uriitl\ 

UhI   for  t!i>-   verifieal  i 

Id  I)*1  given  ti>   *tt  ueenite 

..il  in  j;  36.     Then    in  no  difficulty  in  procuring 

'.It.'  alkali  My    un- 

ehanfjeabh*  if  kept    in   well-closed    hntl  ,    tlkaline 

anenitc  should   In-  jmi   into  »  beaker,  dilutee] 

m|«|..|.  together  with   starch,  and   the   iodine 

:>  produced. 

An  i      i      eed  bj  Ka  I  man  u,  in  which  th" 

ion   is  diluted   w  ith  water,  ami    II-'S   p  i   t\u- 

the  bydi     i  -     icid   so   produced    i-  than 

1 


S.      Dectuoruial    Scdic    Thiosulphate. 

■  i»     248     24-8  -..-.  i-r  liter. 


t  difticidt  either  to  manufacture  or  procure  pure  &odi< 

i       [lowdcred    uiii  ween  blotting- 

iii.l  dissolved  in  it  liter  •>["  distilled 

then  titrated  with  the  iodine  solution  anil  h  little 

ii   tl»»-  solution   may  he  eheeked   witli  p^  bichromate  as 

■  1    bj    Mohr,   l>>    ilifjeHtiiijj   ;i  volume   <-i 

with    an  iodide,   and    hydro- 

!,  in  lit.-  st<>] .]..■:«■. I   flu>l<  well-closed 

Win  ii    the    mixture    has   ronli'd,    tin1    libera  ted    iodine    is 

lie     llli"sul  ;1     it-     ]i"'  !.  i  1 

:  ihate   shnuhl    haw   Iteeu    used,   "i    the    sample   was 

it   will   1"-   i-ccasary 
by   which   to  reduce    it   t<>  deeinorni   I 

;   or  tin-  amount  of   impurity 
ty  may  be  prepared  of  p 

ution  in  the  dark.      Afl 
iuic    .  i  "sulphate   undergo  a  slight 

ulphuT  ih  i  rm   the   buttle      il    tfl  tlt',r**f«>r'' 

■  examine   M    pifvitatfj   !■■   n  ■•  .      M.  In    states  that 
u    U)i'   solution  !         ;;lili'ly 

i  2 
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obviated  by  milling  to  the  TNW  solution  scsquicarlxmate  of  ammonia, 
in  the  proportion  of  2  grams  to  the  liter.*  Harconrt  and  Esson 
(Phil.  Tram.  [5]  elvi.  205)  state  that  a  little  caustic  soda  greatly 
increases  the  stability. 

Ueside  the  decinormal  iodine  and  thiosulphate,  it  is  convenient 
in  some  cases  to  use  centinonnal  solutions,  which  can  readily  be 
prepared  by  diluting  100  c.c.  of  each  decinormal  solution  to 
1  liter. 

In  using  the  iodine  solution  Mohr's  burette  may  be  employed, 
but  care  must  Ik;  taken  that  the  solution  is  not  left  in  it  for 
any  length  of  time,  as  deconi]>08itlon  slowly  takes  place,  and  the 
tube  becomes  hard  ;  the  tap  burette  is  on  this  account  preferable. 


3.     Starch    Indicator. 

One  part  of  clean  arrowroot,  or  potato  starch,  is  first  mixed 
smoothly  with  cold  water  into  a  thin  paste,  then  gradually  poured 
into  about  150  or  200  times  its  weight  of  boiling  water,  the  boiling 
continued  for  a  minute,  then  allowed  to  stand  and  settle ;  the  clear 
solution  only  is  to  be  used  as  the  indicator,  of  which  a  few  drops 
only  are  necessary. f  The  solution  maybe  preserved  for  some  time 
by  adding  to  it  about  one  per  cent,  of  salicylic  acid,  or  saturating 
it  with  common  salt ;  this,  however,  is  not  so  sensitive  as  the 
freshly  prepared  solution. 

Starch  Paste. — A  very  convenient  form  of  soluble  starch  is  made 
by  mixing  0  gin.  starch  with  100  gm.  pure  glycerine,  heating  for 
an  hour  to  100J  (\,  pouring  into  about  double  its  volume  of  water, 
then  adding  sufficient  strong  alcohol  to  precipitate  the  soluble 
starch,  which  is  filtered  off  and  preserved  in  a  moist  pasty  state. 
"When  required,  a  minute  quantity  is  taken  with  a  glass  rod. 

Concentrated  Solution  of  Starch. — This  will  keep  almost  any 
length  of  time.  Made  by  rubbing  about  5  gm.  starch  to  a  smooth 
emulsion,  with  about  50  c.c.  water.  Then  add  25  c.c.  of  50  per 
cent,  solution  of  caustic  potash  and  shake  well,  dilute  with  half  a 
liter  of  water,  boil,  and  allow  to  settle.  This  indicator  answers  very 
well  in  cases  where  the  alkali  is  of  no  consequence,  but  is  not 
available  for  the  delicate  acidimetrie  method  by  iodic  acid  unless 
the  alkali  is  exactly  corrected.  It  answers  well,  however,  with  the 
addition  of  2  gm.  of  potassic  iodide  jis  a  reagent  for  nitrites,  and 
keeps  perfectly  though  exposed  to  light. 

*  This  has  been  proved  by  my  experiments  not  to  be  correct,  and  Topf  (Z.  a.  C.  xxvi. 
137 — 217)  in  a  long  series  of  expenmeuts  in  iodometry  comes  to  the  same  conclusion. 
Bicarbonate  of  soda  or  potash  have  a  better  effect,  but  even  these  are  open  to  objection. 
It  is  undoubtedly  better  to  make  fresh  solutions  from  pure  thiosulphate  at  intervals  of 
a  mouth  or  so. 

t  In  iodometric  analyses  it  is  always  advisable  in  titrating  the  free  iodine  with  thic- 
sul  phate  or  arsenious  solution  to  delay  adding  the  starch  until  the  iodine  colour  is  nearly 
removed :  a  much  more  delicate  ending  may  be  obtained  and  with  very  little  starch. 
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ANALYSIS    OF    SUBSTANCES    BY    DISTILLATION    WITH 
HYDROCHLORIC    ACID. 

vtlii'  I:  iled  with  hydrochlorii  acid  riold  chlorine,  equi 


Ic  '*r  n  part  onlv  <>f  the  02  >    Looordmg  t<» 

L'non  this  fuel  are  based  the  variety  of  analyses 

which  mm\    !'«•  accomplished  1  > y  means  •<!   iodine  and  sodic  l!ii<» 

nitt*  :  the  chlorine  so  rvolved,  however,  i>  Mol    1 

Led,  Nut  1  1  arutnti  into  ;i 

in  equivalent  quantity 

1  ited  by  thiosulphatfl  ;  the 

I  is,  therefore,  .1  measure  of  tin*  oxygen  existing  in 

,  mitl  consequently  n  measure  of  the  snlwtancfl 

\  .|i    the  most  exact   in  the 

is,   far  outstrip]  irocesa 

Tin-  1  1   fur  distilling  the  substances,  and  conveying 

into  tin*  alkaline  iodide,  111*3  1  1 

fti'Vi  p,  Iteuuj    the  three  kinds 

1  vi  lv  by  l-n  iisi'ii,  K  1  <■-■■  n  i  11-.  iiml  M  •>!)  1 
it.iii^i'UhtiI   consiuU  i if  :in   inverted   retort,  into  the 
[Up  tnbr  It. -in  the  small  distilling  Hawk  is  ]  ;:  ■ 
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OD  clii 

<  hrinfl  bo  the  HC1        tin 

■I  that   \»  lit-ii  nil  >1  aa«l 

il<"l  begins  to  distil,  the  liquid  n*j  not  rub   Lark  hi  ih 
owing  to  conrienantiou. 


Tin-  l"'*i    :  •  of  this  I 

llV     Fl  I  |.|.ll.M|.]r    to    i-Jirll    1. 

Idition  of  a  f.  pore  i  ;  "*tMNt 

,]iwv,,|vrs  but   slowly  in  the  Iiyriiwliloriv  uciil,  in  up  :i 

it  How  of  ( '( »-.  tin-  presHiiro  o(  which  is  sullicirii' 
torn  of  tin  liquid. 
Tin-  01  :  rivwl  by  Fr«*st»niu 

[fl      i-X<vi',|li.  ill      its      ill! 

pUTpQSi 

Mohr  >    ipparntus  in  shown  in  Hp.  30  ami 
nimpii  action,  veij  Mny  to  i 

Tin-  '  2  f»z.  capacity,  an- 
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lur.iti.m  in  hi''lt<"l  paraffin  ;  fchroi 
■ 

about  [2  or 

m]  1  in-  li  wi.ii  nil   like  :•  fceer]  but*, 

the  rtlkiiline  iodide,  is  placet  I  in  au  hydrometer 

1 2  indie  1 1   mm  lunded   '  ry  a  -M  water ;  the 

ilrawn  out  to  ;i  fine   pointy  and  reaches  neaxiyto 

he  condenser.     No  support  or  clamp  i 

pe    everything   in    position.      The 
o  be  distilled  ia  pot  into  tin*  Snak  and  cowed  with 

■  m 'iil,    the    mageesitfl   added!    tin- 
■  itli  .i  surocieut  qua  fation,  and  the 

ightly.      Kither  nu  oj-gand   oi   comraen 
lamp,  or  gaa,  may  he  wed  for  hi 

.  •">  that  the   hotting  can   1 

the  i  onunon  spirit  bunp  it  may  be  held  in  the 

bo  the  i taehnea  oi  the 

the  .i,  lamp  can,  a  .  be  regulated  by 

purpose,      It   the  iodine   lib 

ived   should    be    more   than  will   mmain  in 

—  »li it i« »n ,  tin-  cork  of  the  condensing  tube  musl  l>e  lifted,  end  move 

I  UmL     \V1mn   thi  -n  is  judged  to  beat  no  en*t, 

the  .ii  and  the  delivery  tube  weaned  out 

then  emptied  into  i  beaker  or 

for  analysis-,  ;t  little  fresh   iodide  solnti  in  is 

□   [«rt  together,  and  ;i 

i   distillation   commenced,  and   continued  foramizrafee  Offlo, 

;*•    colt  tn I'    free    chlorine    present.      Tl 

i*  only  necw  epianl   in  ease   tin*   lirnt  should 

■  i         >lctc. 

i    mixeil  nni]    titrated    in    the 

i    prrvinu  "'I.     in  the  sulution  musl    be 

"l«lin^'  ill**   thi<>*utphnte,  otherwise   sulphuri 
.  -I. 
■   tin    large   test  tube,  smne   nprral  (J  tnhe  fco 

<->*ntuin  the  potaesic  iodide,  having  a  bulb  in  each  limb,  but  the 
Mss-irv  it'  <*d. 

Lion  vt  poUussie  iodide  may  conveniently  he  made  of  BUeh 
.itrength  tluit  Sn  eq.  or  33"2  gm.  are  contained  in  the  liter.     1  «•.«•, 


ii  absorb  the 


iodine,  Ferve- 


nt, nf  oxygen  ill  tb  i.  MUp|)08UJg 

ighwd   iii  the  metric  svstrm,      In  examining  [H*roxide  of 
.■-»■.  for  in  id.  "i  4*36  gru.  would  1"*  need,  ami 

i|    peroxide  i"   Ii  i  .1'.  80 


■  ■InlH'ii  wmi 


Id   1 


Eticicut  to  ,il.-"ib  tin-  chlorine 


and   keep   in   solution   the    loiline  lilierateil   by   the   proceed  :  it  is 

,   ami,  therefore, 
t  ion  'if 
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Indefinite  strength  will 

ill    til'*  iodine.       It    lna\ 

Iodide  i>  pn  keep  .til   1 1  i  line  in   si 

which  cose  it  will  BejHimU'   out  in   the  > 

however,  urns  bo  added   t"  dissolve   the  iodine,  awl   th 
can  then  ii-  usual. 

"I'll-   pTOOfjas  of  distillation   above  ileacrilied   ma. 
•■  tat--,     Thrn*  arc   :i   *rr**at  number   of 
w  ith  hydrochloric  acid  aud  p 
elevated  temperature,  underg  ■  t 

tion  u  i  tpletely  as  by  distilktioa  ^fe  <JL 

For  tins  purpose  b  strong   bottle  with  n^3 

rately  ground  stopper  is  m 
ami  as  th"  ordinary  stoppered  Ijottlea  "t 
commerce  are  not  sufficiently  tight,  it  is 
ind  the  stopper  n  ith  d  !il 
emery  and  water.  It  must  than 
he  tested  by  tying  the  stopper  tightly 
down  and  immersing  in  hoi  v  u\ 

Iiul.li!  way  thru 

stopper  the  bottle  is  useless,     Tli    •  i 

From  .'10  too  1 50  c  e .  <<  cord- 
ing to  UK  necessities  "f  | .. 

The  Btoppex  may  be  secured  by    fine  copper  binding-wi 
n  kind  of  clamp  contrived   by   afohr  may  b 
li^.  SI;   by  means  "f  the   thumbnBcrews  the  nreasur 
itoprs  v  may  be  increaseil  t"  almost  any  extent 

Tin*  substance  to  be  examined,  it'  in    powder,  is  put  inl 
bottle  with  pure  flinl   \<.  ■■  I  as  ti<  di 

tatter,  .m.l  a  surKcicnt  tpiautitv  •-!  snlutinii  <>f  j 

iodide   and   pure   hydrochlnri*    acid    added;    the   stop] 

ed,   fastened   down,  and    the  Uittle  sus  in   a  water 

bath,    nil    the    water  is  gradually    heated    t<»   boiling    by 
Same   or   li"t    plate   as   may   1«-    oiost   convenient      When   the 

the  Itnttle  Is  removed,  allowed  U 
somewhat,    then    placed    in  rold   n  il  duOci  n, 

I  maker,   and    tin?    liquid   diluted   by   tin 
for  titration. 

Tin'    salts   of  rhlnrii  '  ! 

with  many  otlier  compounds,  may  be  ha  oM'LMtuidh  decompi 
digestion  as  by  distillation  ;  many  of  tin 
[jeratures,      Recently   precipitated    oxides,  <<r    the    natural    i 
when    reduced    to    fine    powder    an;    readilj 
composed  by  very  weak  acid  in  the  presence  of  iodide 

(Pickering). 

The  .  ridide  used   in  the  various  analyse?)  nmsl 

hitely  free  from  putnesic  iodate  and  five  iodine,  or  if  othvrwi 
iii.it  of  the  impurity  must  1"'  known  h)  blank  exjicrim 


5  36. 


121 


ABSENIOTJS    ACID    AND    IODINE. 

["ire  principle  upon  which  this  method  of    analysis  i-- 

is  tin-  fact,  that  when  anenious  acid  is  broughl   in  contact 

with  iodine  in  the  presence  of  miter  and  free  alkali,  U  ia  converted 

LI  tiou   I'l-inu 

.Wo '+  U  +  2K  0  \KL 

ifficw  nt  quantity  I bine  with  tho 

die  acid  set   free,  and   il  iiry  that   it  should  exist  in 

i  iii'  oi    bicarbonate,  .-is  caustic  or  rnonocarbonated  alkalies 

M-  with  the  colour  of  the  blue  iodide  "f  starch  used  as  indicator. 

If,  therefi  oli  ious  ;i<itl  oontaming  starch  is 

•lotion  «if  iodine  in  tin*  [iresence  of  potussic  bicur- 

bomb  colour  docs  nol  occur  until  iill  the  ananious  acid 

id.     In   like  manner,  ;i  standard  solution 

oious  ncid  may  l»e  used  foi  the  estimation  of  iodine  or  other 

. -  the  [tower  of  oxidizing  it. 

Tin*  chief  vahu  ,  however,  of  tins  method  is  found  in  the  i 

■1    fi ihlnrinc  existing  in  the  so-called  chloride  <>f   lime, 

,.    water,    In  pitchloritcs  <-f    lime,   soila,   etc,    in   solution ; 

f  ddorimotry. 


Preparation    of    the    jq    Solution    of   Alkaline    Arsenite. 

Av  1*90  gut  pax  liter. 

wline  solution  is  tlie  same  .i^  described  in  £  -14.1. 

ailing  solution  of  [totassic  arscuitu  is  prepared    b) 
inji  \'*J'i  gm.  <-f  tlie  purest  *uMimed  arsemous  anhydi 

"f  distilletl  water  in  n  Hnak,  with  about  -'0  gm. 
of    |'ii :  hicarlmnate.      It    is    necessary   thai    the 

should  be   in  powder,  and  the  mixture  n Is  warming  and  shaking 

one   time    iu   order  to   complete    the  solution  ;   when    this 
anplished  the  mixture  is  diluted  somowhat,  tlien  made  up  t«» 
the  Liti  i.' 

In  on  ''  ■ ' !    i 

.i  littli-  starch   in  ml  the   iodine  solution  allowed  to  flow  in 

graduated   in  ,',,  e.e.,  until  the  bine  colour  a|  | 
:1\  I"  •  • .  ire  retpitred,  the  solution  is  strictly  decinoxmal ; 
it  otherwise,  rl^   n«  tor  must  be  found  for  converting  it 

bi  tliit  strength. 

Starch-paper   Indicator.  — Starch  lUUOt    be  UBed   for  the 

-  ill.  i  iii'-,  iimst'ijiH'nth  resorl  must 
i-.  an  external   indicator;  and  this  nnvenientlv  found   in 

ixl  l.\  mixing  a  portion  nt* 

solution  of  itotassic   i ■ « 1  i « i •  -  "n 

•rein.     The 
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paper  so  prepared   is  used  in  the   damp  state,  ami  is   far  more 
sensitive  than  when  dried. 

The  Analysis :  In  all  cases  the  chlorine  to  he  estimated  must  exist  in  an 
alkaline  solution.  In  the  cose  of  bleaching  powder  this  is  already  accom- 
plished by  the  caustic  lime  which  invariably  exists  in  the  compound. 

The  substance  being  brought  under  the  burette  containing  the  arsenious 
acid  solution,  the  hitter  is  suffered  to  flow  until  a  drop  of  the  mixture  taken 
out  with  a  glass  rod  and  brought  in  contact  with  the  prepared  paper,  no 
longer  produces  a  blue  spot.  As  the  colour  becomes  gradually  lighter 
towards  the  end  of  the  process,  it  is  not  difficult  to  hit  the  exact  point ; 
should  it,  however,  by  any  accident  be  overstepped,  starch  may  he  added  to 
the  mixture,  and  iodine  solution  added  until  the  blue  colour  is  produced; 
the  quantity  so  used  is  then  deducted  from  the  total  arsenious  solution. 

Examples :  50  c.c.  of  chlorine  water  were  mixed  with  solution  of  sodic 
carbonate,  and  brought  under  the  arsenic  burette,  and  20  c.c.  of  solution 
added ;  on  touching  the  |Jrepared  paper  with  the  mixture  no  colour  was 
produced,  consequently  tho  quantity  used  was  too  great ;  starch  was  therefore 
added}  and  decinormal  iodine,  of  which  3*2  c.c.  were  required  to  produce  the 
blue  colour.  Tins  gave  16*8  c.c.  of  arsenious  solution,  which  multiplied  by 
0*003537,  gave  0"05&42  gm.  of  CI  in  the  50  c.c.  A  second  operation  with 
the  same  water  required  16*8  c.c.  of  arsenious  solution  direct,  before  the  end  of 
the  reaction  with  iodised  starch-paper  was  reached. 

The  arsenious  solution  is  as  serviceable  as  thiosulphate  for 
tho  general  estimation  of  iodine,  sulphuretted  hydrogen,  chromates, 
etc.,  by  distillation  with  hydrochloric  add,  and  possesses  the  great 
advantage  of  being  permanent  in  strength  for  almost  any  period 
of  time. 
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PAKE    IV. 

\\  \i.Vsls    BY    i'KKrU'ITATloN. 

principle  <>t  thi  of  determining the 

iilluiloil    to   in  .>    1,   ami    in    nil 
.  tin-  N"«l\   i  imI   forma  an  insoluble 

recrpil  i  titrated  reagent      Tlie  and  of  Qts  raaetn 

I       l'\  adding  thi    reagent  until  no  further  precipitate occurs, 
of  chlorine  by  silver. 
I'.',    bdding  tin'  reagent  in  tip-  presence  of  an  indicator  con- 
ither  in  the  Li  .  or  broujrjit  externally  in  oo 

itli  it.  *•  Una  the  slights  i   Bhall  produce  a 

i  the  indicator;  as  in  tin*  estimation  of 
rjth  sodiu  cfiloriuV  bj  the  aid  of  potaesie  chrotnate,  or  with 
wnl   ferric   sulphate,  or  tli.it   "I   phosphoric   acid  wit li 
't<\ 
\'.\  adding  Dilution,  until  :t  precipitate 

m  of  cyanogen  by  silver. 
i»iilv  t»-  applied  wit  i 
;.i  silver  and  chlorine  estunatioua.     Very  few  precipitates  have  the 
|iudit>    «>f    ddoride    of   silver;   namely, 
idity,  ami  the  teudi  i  losel)  b)  shnki  i 

■  n -tin urn  idear.    Swuu  "1  the  most  insoluble  precipitates, 

Iv  excluded 
thi  ion   finely  divided  or  powdery   nature 

Jy  and  jMjrfect  pubsul 

In  .ill  >r.',  it  is  iK'WN-ary  t<-  find  an  indi< 

Inch  h  M  int"  cln 

Tit.'  tlui'i  ■.  i/..,  the  ■' 

ilvor,  and   that  of  chlorine  b)  men 

Sin..  ,  ition  -if  rhlnrine  by  precipitation  with  silver,  and 

ie  acid,  c  hi   be   used   in  man 
Ute  in-1'  tuition  of  uiauy  other  substaiu         i        seat  i 

itiun  "f  tli"  ip  ndard  solutions  will  now 

died. 


SILVER    AND    CHLORINE. 
I.      Decinormal    Solution    of    Silver. 

16-966  pn,  Aglfl  I    pes  liter. 

•  ■f  pure  silvi'i  I  veil  in  pui  i   neiil 

•  beat  in  b  flask,  into  the  neck  of  which  ;i  small  funnel 
la  prevent  loss  of  liquid  by  Bpirtuig.     WTien  solution  is 
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complete,  the  funnel  mnst  he  washed  inside  and  out  with  distilled 
water  into  the  flask,  and  the  liquid  diluted  to  a  liter;  but  if  it  be 
desired  to  use  potassie  chromate  as  indicator  in  any  analysis,  the 
solution  must  l»o  neutral ;  in  which  case  the  solution  of  silver  in 
nitric  acid  is  «va]x>ratcd  to  dryness,  and  the  residue  dissolved  in  a 
liter;  or,  what  is  preferable,  16*966  gm.  of  pure  silver  nitrate, 
previously  heated  to  120°  C.  for  10  minutes,  are  dissolved  in  a 
liter  of  distilled  water.  If  the  grain  system  is  used,  107*66  grn. 
of  silver  or  169"66  grn.  of  nitrate  are  dissolved,  and  the  solution 
diluted  to  10,000  grains. 

2.     Deoinormal    Solution    of  Salt. 
5*837  gm.  XaCl  per  liter. 

5*837  gm.  of  pure  sodic  chloride,  an?  dissolved  in  distilled  water, 
and  the  solution  made  up  to  a  liter,  or  58*37  grn.  to  10,000  grains. 

There  arc*  two  methods  by  which  the  analysis  may  l>e  ended : 

(a)  By  adding  silver  cautiously,  and  well  shaking  after  each 
addition  till  no  further  precipitate  is  produced.  For  details  see 
§•50. 

(h)  By  using  a  few  drops  of  solution  of  pure  potassie  mono- 
eliminate  as  indicator,  as  devised  by  Mohr.  If  the  pure  salt  is 
not  at  hand,  some  silver  nitrate  should  he  added  to  the  solution  of 
the  ordinary  salt,  to  remove  chlorine,  and  the  clear  liquid  used. 

The  method  ft  is  exceedingly  serviceable,  on  the  score  of  saving 
both  time  and  trouble.  The  solutions  must  be  absolutely  free  from 
acid  or  any  great  excess  of  alkali ;  it  is  best  to  have  them  neutral, 
and  cold.  When,  therefore,  acid  is  present  in  any  solution  to  be 
examined,  it  should  be  neutralized  with  pure  sodic  or  calcic  carlwnnte 
in  very  slight  excess.* 

The  Analyst* :  To  the  neutral  or  faintly  alkaline  solution,  two  or  three 
drops  of  a  cold  saturated  solution  of  potassie  chromate  arc  added,  and  the 
silver  solution  delivered  from  the  burette  until  the  last  drop  or  two  produce 
a  faint  blood-red  tinge,  an  evidence  that  all  the  chlorine  has  combined  with 
the  silver,  and  the  slight  excess  has  formed  a  precipitate  of  silver  chromate ; 
the  reaction  is  very  delicate  and  easily  distinguished.  The  colour  reaction 
is  even  more  easily  seen  by  gas-light  than  by  daylight.  It  may  be  rendered 
more  delicate  by  adopting  the  plan  suggested  by  Dupre  (Analyst,  v.  123). 
A  glass  cell,  about  1  centimeter  in  depth,  is  filled  with  water  tinted  with 
chromate  to  the  same  colour  as  the  solution  to  bo  titrated.  The  operation  is 
performed  in  a  white  porcelain  basin.  The  faintest  appearance  of  the  red 
change  is  at  once  detected  on  looking  through  the  coloured  cell.  For  the 
analysis  of  waters  weak  in  chlorine  this  method  is  very  serviceable  (see  §  40). 

Example .-  1  gm.  of  pure  sodic  chloride  was  dissolved  in  100  e.c.  of  water, 
a  few  drops  of  chromate  added,  and  titrated  with  *$  silver,  of  which  17"  1  c.e. 
were  required  to  produce  tho  red  colour ;  multiplied  by  the  T^  factor  for  sodic 
chloride =0005837  the  result  was 0998  gm.  NaCl,  instead  of  1  gm. 

*  Silver  chromate  is  sensibly  soluble  in  tbe  presence  of  alkaline  or  earthy  nitrates, 
especially  at  a  high  temperature ;  sodic  and  calcic  hydrates  hare  the  least  effect ; 
amnionic,  potassie,  and  magnesic  nitrates  tbe  greatest.  Bee  also  Carpenter 
(J.  S.  C  i.  ▼.  280). 
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INDIRECT  ESTIMATION  OF  AMMONIA,  SODA,  POTASH, 
LIME.  AND  OTHER  ALKALIES  AND  ALKALINE  EARTHS. 
WITH  THEIR  CARBONATES,  NITRATES,  AND  CHLO- 
RATES, ALSO  NITROOEN,  BY  MEANS  OF  DECINORMAL 
SILVER  SOLUTION,  AND  POTASSIC  CHROMATE.  AS 
INDICATOR. 


I 


it. 


tootjg  M*  l'M-  "f  ,,;H'M  ~11' 


th  his  cliaracteristic  ingenuity,  has  made  use 
*>i  Lh<  ion  between  chlorine  and  silver,  with  : 

i  the  determination  of  tin*  bodies  men- 

uhove.      All  compound*   capable  of   being  converted   into 

ti-  uti.ii  chlorides  by  evaporation  to  dryness  with  hydrochlori 

lined  with  great  accuracy,     The  chlorine  in 

is,  of  course,  the  n  I  mce  actually  'i«  termined  ; 

of  chemical  combination  are  i  wall  known, 

re  of  chlorine  is  also  the  tn  I  tin1  !»u-«  with  which 

omhmed. 

In  :  it  \a  <»jii  uperaaturate  the 

;ilk.ili.  (i  liydroi  hloric  acid  :  • 

atei  lutli  to  <\r.  ticss,  and  hunt  for  a  time  to  120  C.  in  ths  air 
•Ivi'  to  n  given   tin  i   portion  for 

■ 

Alkalies  and  Alkaline  Earths  with   Organic   ftCldfl   OTfl    ignited    bO 
rt  them  into  carta  I   with  hydrochloric  acid, 

ribed. 

Carbonic  Acid  in  combination  may  bo  determined  by  precipita- 
tion with  tunc  chloride,  .is  in  i;  26,     The  washed   prectpil 

u  tlif  tilt'-r  with  hydrochloric  acid  (covering  it  with  ;i 

prevmt    l«ws),    and    then    evaporated    to   dryness 

nil  all    lit  1   ia  driven   off      In  i  with 

>\    hj    the    help   of    fiotaasic    rhminnte,    the    baryta    must, 

means  >-f  n  solution  of  pi 

,    tlie   precipitated   harie   sulphate  does 
I-  ti"ii.      It'  this  prei 
•w  baric  chrumate  would  mislead. 

Free  Carbonic  Ac  Ld  of   aininoiiia  an-l  bark 

I  ion  completed  as  in  the  i 

1 

Chlorates  arc  converted  int  i  chlorides  l>\  ignition  before  titration. 


Hitrate*  ".ill:  concentrated  hydrochloric  acid,  and 

derides  Lit;  n  (he  pn  > 
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Nitrogen. — The  ammonia  evolved  from  guano,  manures,  oilcakes, 
and  mmdry  other  substances,  when  burned  with  soda  lime  in  Will 
and  Vnrrentrapp's  apjwiratus,  is  conducted  through  dilute  hydro- 
chloric acid ;  the  liquid  is  carefully  eva]x>rated  to  dryness  before 
titration. 

In  all  cases  the  operator  will,  of  course,  take  care  that  no  chlorine 
.from  extraneous  sources  other  than  the  hydrochloric  acid  is  present; 
or  if  it  exists  in  the  bodies  themselves  as  an  impurity,  its  quantity 
must  be  first  determined. 

Example:  025  gru.  pure  sodic  carbonate  was  dissolved  in  water,  and 
hydrochloric  acid  added  till  in  excess ;  it  was  then  dried  on  the  water  bath, 
till  no  further  vapours  of  acid  were  evolved ;  tho  resulting  white  moss  was 
heated  for  a  few  minutes  to  about  150°  C,  dissolved  and  made  up  to  300  c  c. 
100  c.c.  required  15*7  c.c.  -fa  silver,  this  multiplied  by  3  gave  47*1  c.c.,  which 
multiplied  by  the  T"7  factor  for  sodic  carbonate =0*0053,  gave  0*24963  gin. 
instead  of  0'25  gm.  . 

Indirect  Estimation  of  Potash  and  Soda  existing*  as  Mixed. 
Chlorides. — It  is  a  problem  of  frequent  occurrence  to  determine  the 
relative  quantities  of  potash  and  soda  existing  in  mixtures  of  the 
two  alkalies,  such  as  occur,  for  instance,  in  urine,  manures,  soils, 
waters,  etc.  The  actual  sci>aration  of  potash  from  soda  by  means 
of  platinum  is  tedious,  and  not  always  satisfactory. 

The  following  method  of  calculation  is  frequently  convenient, 
since  a  careful  estimation  of  the  chlorine  present  in  the  mixture  is 
the  only  labour  required ;  and  this  can  most  readily  l>e  accom- 
plished by  y5j  silver  and  chromate,  as  previously  described. 

(1)  Tho  weight  of  the  mixed  pure  chlorides  is  accurately  found  and  noted. 

(2)  The  chlorides  arc  then  dissolved  in  water,  and  very  carefully  titrated 
with  T*,-(  silver  and  chromate  for  the  amount  of  chlorine  present,  which  is 
also  recorded  ;  the  calculation  is  then  as  follows : — 

The  weigh!  of  chlorine  is  multiplied  by  tho  factor  2*103 ;  from  the  product 
so  obtained  is  deducted  the  weight  of  the  mixed  salts  found  iu  1.  The  re- 
mainder multiplied  by  3C2H8  will  give  tho  weight  of  sodic  chloride  present 
in  the  mixture. 

The  weight  of  sodic  chloride  deducted  from  the  total  as  found  in  1  will 
give  tho  weight  of  notassic  chloride 

Sodic  chloride     x  0'5302=Soda  (Na20). 
Potossic  chloride  x   0*6317= Potash  (K20). 

The  principle  of  the  calculation,  which  is  based  on  the  atomic  constitution 
of  the  individual  chlorides,  is  explained  in  most  of  the  standard  works  on 
general  analysis.  Indirect  methods  liko  this  can  only  give  useful  results 
when  the  atomic  weights  of  the  two  substances  differ  considerably,  and  when 
the  proportions  are  approximately  equal. 

Another  method  of  calculation  in  the  case  of  mixed  potassie  and 
sodic  chlorides  is  as  follows  : — ■ 

The  weight  of  the  mixture  is  first  ascertained  and  noted  ;  the  chlorine  is 
then  found  by  titration  with  -fv  silver,  and  calculated  to  NaCl ;  the  weight 
so  obtained  is  deducted  from  the  original  weight  of  the  mixture,  and  the 
remainder  multiplied  by  2*42857  will  give  the  potassium. 
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SILVER    AND    THIOCYANIC    ACID. 

iy  Vol  hard  and  i- 

1    1      '-\      Ml-'      UUtllUl      (  Lt4  '■'■'  ■      A::-i.     >t.      t'h<  it>.     CXC      I  ),     ;ni<l 

iblj    noticed    Iry    Falck   {'/<.   o.    ( '.    xiy. 
i  . .    i . '    ■    '  :     :!nl  Drechsel  (Z  a  351  i. 

I  cbromatc   method    in   fchal    the    Bilver 

•  I  "ii  tin-  fact  tliat  vrhon  -n|i  silver 

i  mixed  in  the  preaenoe  <>f  a  ferric 

■  — .  tin    thiocyannte  of  that  metal 
■ :    which 

1.     When,  however,  tin*  thiocyrmate  is 

aldad  in  ili"  >Ii  l»rown  ferric  Lluocyanate  ia  fanned, 

ir  even  in  the.  present     od   taw  b   fre«    acid. 

nttimation  of  silver, 

i"!  the  «  estimation  of  Bubataa  e«  which 

■ 

It  m.  m  nf  silver  in  p 

■"  .i 

mi!!,  bismuth,  ami 
i        |iM>{H>rtin]]  -i   thctw   latter  m>-t  i      i  -.\<  :>> 

■  •  li\  iiitt'iinih  i'f  - 1 il< 

u-thcr  Ik-  uaed  for  the  induvot  estimation  of  chlorine, 

■  i»f  «  .m  li  otlier,  exaatinj 

!  -  "i'  lie-:  i]  ipoi  mid  rine  ; 

in.l.r  theii  li.-iil>. 

1.      Deciuormal    Amnionic    Thiocynnate. 

v  iiin-»i  Im-  pp  weighing  tin-  Lhiocj 

I  I  nature  nf  tin-  salt  :  but,  suppi 

weighed,   tin  would    I*    7 -r,   p  i.   ]..  i 

-if  the  purified  crystals  waj    la?  iliasolved  in 
r  "f  water  for  getting  rotation, 

idj  listed  i  ■  i  deci  normal  Bilver  solution. 

:  in  il   remains  n     . 
i  -I  if  |.n-i  i \ <-A  in -ni  evaporation. 

2.      Deciuormal    Bilver    Solution. 

Tlii>-  iheil  in  a  preceding  section  (§  •"■"},  mid 

iiiaili'  dim  t  frtnn  metallic  silvi 


Ferric    Indicator. 


li  united  solution  -»f  iron  alum  ; 
mlplmtc  with  nitric  aeiil, 
of   ,-ulj'l    i  t--  ditaiim 
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fumes,  ami  dissolving  the  residue  in  water  so  that  the  strength 
is  atiout  10  per  cent. 

5  e.c.  of  either  of  these  solutions  nre  used  for  each  titration, 
which  must  always  take  place  at  ordinary  temperatures, 

4.     Pnro   Nitric    Acid. 

This  must  he  free  from  the  lower  oxides  of  nitrogen,  secured  by 
diluting  the  usual  pure  acid  with  alxmt  a  fourth  jMirt  of  water, 
and  boiling  till  perfectly  colourless.  It  should  then  be  preserved 
in  the  dark. 

The  quantity  of  nitric  acid  used  in  the  titration  may  vary  within 
wide  limits,  and  seems  to  have  no  effect  upon  the  precision  of  the 
method. 

The  Analysis  for  Silver;  50  c.c.  of  ^silver  solution  are  placed  into  a 
flask,  diluted  somewhat  with  water,  and  5  c.c.  of  ferric  indicator  added, 
together  with  about  10  c.c.  of  nitric  acid.  If  the  iron  solution  should 
cause  a  yellow  colour,  the  nitric  acid  will  remove  it.  The  thiocyaoate 
is  thou  delivered  in  from  a  burette ;  at  first  a  white  precipitate  is  produced 
rendering  the  fluid  of  a  milky  appearance,  and  as  each  drop  of  thiocyanale 
falls  in,  it  produces  a  reddish-brown  cloud  which  quickly  disappears  on 
shaking.  As  the  point  of  saturation  approaches,  the  precipitate  becomes 
flocculent  and  settles  easily ;  finally,  a  drop  or  two  of  thiocyauate  produces 
a  faint  brown  colour  which  no  longer  disappears  on  shaking.  If  the 
solutions  are  correctly  balanced,  exactly  5l)  c.c.  of  thiocyauate  should  bo 
required  to  produce  this  effect. 

The  colour  is  best  .seen  by  holding  the  flask  bo  as  to  catch  the  reflected 
light  of  a  white  wall. 


PRECISION    IN    COLOUR    REACTIONS. 

§  40.  Durufc  adopts  the  following  ingenious  method  for  colour 
titrations  (Analyst,  v.  123): —  As  is  well  known,  the  change  from 
pale  yellow  to  red,  in  the  titration  of  chlorides  by  means  of  silver 
nitrate  with  neutral  chromate  as  indicator,  is  more  distinctly 
perceived  by  gas-light  than  by  daylight ;  and  in  the  case  of  potable 
waters,  containing  from  one  to  two  grains  of  chlorine  per  gallon,  it 
is  generally  considered  advisable  to  concentrate  by  evaporation 
previous  to  titration,  or  else  to  perform  the  titration  by  gaslight 
The  adoption  of  the  following  simple  plan  enables  the  operator  t<> 
perceive  the  change  of  colour  as  sharply,  and  with  as  great  a 
certainty,  by  daylight  as  by  gas-light. 

The  water  is  placed  into  a  white  porcelain  dish  (100  c.c.  are  a 
useful  quantity),  a  moderate  amount  of  neutral  chromate  is  added 
(sufficient  to  impart  a  marked  yellow  coloxir  to  the  water),  but 
instead  of  looking  at  the  Mater  directly,  a  flat  glass  cell  containing 
some  of  the  neutral  chromate  solution  is  interposed  between  the 
eye  and  the  dish.  The  effect  of  this  is  to  neutralize  the  yellow 
tint  of  the  water ;  or,  in  other  words,  if  the  concentration  of  the 
solution  in  the  cell  is  even  moderately  fairly  adjusted  to  the  depth 
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i.i*  water,  the  appearance  <>f  the  latter,  looked 

bU,  is  tin-  :   the  dish  were  filled  .with  pure 

If  now  tin-  standard  silvei   nhition  i-  ran  in,  still  looking 

_ii   the  rell,  the  tir-t    fainl   appearance  of  a  pad  coloration 

i         :    what  Is  more,  when  ddog  the 

been  reached  the  eye  is  nerei  left  in  doubt,  how- 

.  ng  we  may  be  looking  at  the  water.     A  check  experiment 

just  ,i  alight  deft  iency  cd        er,oi  excess 

sary. 
I    i  will  be  found  useful  in  other  iiir.itii.ns.     Thus, 
liif  change  from  yellow  t<«  brown  ia  per- 
i    more   sharply    and    with  greater   certainty   when    ! 

ning    tin-  ture  of    turmeric   "f   suitable 
i  in  lliiin  with   tlit<  nuked  eye.     The   liquid  to  be  ti 

■    placed  into  -t  white  porcelain  dish. 
Agii  »timnting   the   amounl    of    carbonate   of    Lime   in   p 

ual      rid   i  rid    rochinealj   the    exact 
itmlity  ran  be  more  sharplv    tixed  hy  looking  thro 

ilution.     In  this  case  the  following 
found   t"   aiiswei    l*»st      The   wntei    to   be   test< 

llat    [Mnvflnin  evajMirating  dish,  port  of 
wh  i  over  with  ;  OTcelain  plate.      !'i  *   wal 

1  all  cochineal  as  usual,  and  the  sulphuric  odd  run  in, 

rator  looking  at  the  dish  through  the  a  II  containing  the 

cochineal  solution.     At   tirst  the  tint  of  the  water  and  the 

which  the  porcelain  pinto  is  Been  ;•!•■  widely  different 

the    carbonate    become*  tly  neutral  I      two 

h  enrh  other  more  and  more,  imd  when  neutrality  is 

hed  tIm  v  appear  idniiir.it  ;  assuming  that  the  Fttrength  •  >('  the 

lotion   in    tin    i  I'll,   ami   the   amount   "f    this  solution 

w* led  ;■    the  water,  have  hocn  fnirly  well  matched.     Working  in 

not  difficult  (taking   J  liter  of  water)  u>  come 

"I  "-.<■.  i  if  decinormo]  acid  in  two  successive  experiments, 

«l  never  exceed  0'2  cc.    In  the  cell  employed 

little  lesa  than  half  an  h 

imilar  plan  may  lie  found  useful  in  other  titrations, 

fact,  in   iiuinv  operations  depending  on  the  perceptions  of 
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■/in:,    methods    of    analysis   by  colour   titration    are 
owing  {Higes,  and   therefore  it    is  only  appropriate 

ent  instrument  which  nwt\  f;i«'ilii.it<    these  uietliods 
id. 

i    form   have  lieen  devised   bj  operators,  but 
,i-  I  'i     Mills  has  -r.  en   some  mn- 


ittentton  to  the  subject,  and  in-  instrument  has  found 
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met!    ny  i  tli    ch< 

Mills'*  datached  i  made  m   two 

rrary  n  1  in  lli''  •  i 

li  cooriflta  trf   a  stool   glass   tube  liavi  _  id   ftal    foe 

ndn  'r  i 00  equal   pari 

<  m  tin*  tap  '  ip. 

b  m!i- 
the   surface  erf    ths    liquid,   tharoby   pro  wanting 

nf  tin*  liquid  is  only   visibl<  through 

ou1    foi   thai    pur*] 
TU<  short 

babe  rosea  Cram  the  perforation     This  to] 

.     !m    i    mi  rowed   one,  and  this 
small  block,  from  wliich  rises  a  spring 
mud!    block.      1 
tube    baa,    oementod    into    it, 

lii,  downwards,  and 
n  the  flat  surfncB  of  the  cap,  its  end  aniplj 
clearing  ili.it   surface.     This  tuoi  I  out- 

mn*da  al   it-  upper  extremity,  but  is  left  plain 
below.     Througb  as,    with    just 

sufficient  room   to   mora,    a    rod,    bent   below 
twice  at  right  angles,  bo  : 

■  k,   to  which    h    i      tttacb  ■ 
fusion.      Theee  disks  an  turned  in  the  lathe: 
then  should   be   polished    free    bom 

then  edges  show  no  bevel     The 
rod   is    prevented    from    Calling    b\    the 
pTcaonre  oi  I  little  half-tul  d  by  the  small 

1  ,      When   the   thumb  and    forefinger  an 
lightly  pri  I'-h  side  of  the  cap,  the  rod 

can  be  readily  moved  up  and  down,  and  will 
then  stay  in  any  position  in  which  it  may  have 
been  left     It  ia  convenient  to  com  outwards  the  b 
its  anna;  bul  only  traces  uf  liquid  ever  reach  this  t 

The    instrument   lm.s  twn 
Bervice.     These  consist  (1)  "f  a  pair  of  glasw  •  ii-k-.  : 
bottom  <>f  the  tube,  one  having  a  suitable  red,  t! 
colour*  there   is  thus  obtained  i\  bbick  ground,  on  whh 
disk  is  always  seen   through  the  upper  opening.     An 
r  tint  than  a  given  i<l>-'  PVed  i  olonr  Would  uthi 
pal  disk,  and   tend   to  confuse  tlie  determination 
advantage  at    times  t<>  use  oilier  colours,  and   •■-■- 
opal    disk    with     i    plate    o|    rnjuiired    ^la».       The 
is  r_')  b   Mark   hemispherical  This  lie  u  bbs 

opal  diak,  aa  shown  in  th  It   is  used  in  ih< 


m  a  ? 
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point  just 

I 
In  position  of  tli»-  Hm  uith  regard 

t..   (hfl   BCOle   IS  ilhv:i\  -   llir   ol.jn  (     1,.   !.«■   Q  MJG1  t  :i  I  u«  '■  1  J    ulld   this  call   In- 

E£rdnifl  an'fl  Bo  rely  to  avoid 

parallax.     Tin*  level  >»f  tin*  Liquid's  surface  i>  afterwards  taken  ; 
e  t.i-tuv.ii  tin  two  readings  is  the  depth  req 

used,  the   beiglU  of   the  button   muht  be 
I   from  that  ditferenee. 
It  i-.  ,  obvious  Lluit  any  upward  or  downward 

««f  tin-  rod  i  t  somewhat  the  level  of  the  surface  of  t.li«* 

ions  thus  produced  (as,  f*»r  exarnp 

•!  of  two  or  tin lis  isioutt)  no  correction  need  oe  made. 

ions  n   i'-"  ''}    found  ;  t;  it  is 

iir  in  every  specimen  of  tin  viz.,  nearly 

n  fur  every  division  the  roil  is  moved      Thisi 
perhaps  rather  lietter  than  direct  reading. 

ritneter  Iiuh  be.eu   "1   lute  years  more  extensively  used 

irniorly ;   hut    it   would   probably  ho   much    mors  widely 

irvice  were  loiter  undcrstontL     Thus,  for  example, 

red  liquid  like  it  solution  *<i  magenta  ■      d  for 

lent,  it-  having  a  tint  to  w  liicb  !  adih 

Un  the  other  hand,  it  is  rare  to  find  any  one  who 

Low.    Something  thus  depends  on  Qm 

i.l  on  the  employment  of  the  same  eye.     It  must  also  be 

:n   mind  that  very  few  Liquids  will  stand  a  dilution  of  over 

;  t.  without  undergoing  chemical  change.     Thus,  a  very 

diilers  in  actual  colour  from  n  strong  one. 

Hence  it  is  obvious!)  necessary  to  use  the  lirst  determination  n  a 

ti-ni  ;    hi. I.  en  tliat  as  .1  basis,  i"  alter  the  sta 

trial  liquid  to  equality.     A  second  detenuina- 
lill   closer  nppri  I  by  its 

»*&*.     ]  I  being  repeated  until  then  is  only  a  diffarenca 

two  between  the  two  liquids, 
id  approximation  will  in  generally  found  sufficiently 
exact     -VJ1  dilutions  should,  us  far  as  possible,  have  the  same  age. 
>•!  to  tin*  standard  ti  n'rator  has  in  this 

!   varying   hi*  standard  to  any  extent  by 
i  disk  ;  Lie  can  thus  work  at  the  particular  di 
lit  finds  most  suitahlu  to  his  uwu  eye.     Steady  a<  i 
,    particular  measurement  can  generally   be  obtained  by  at 
moat  ■■ 

Tnrtiditi**. —  A  black  «>r  coloured  disk,  lowi  i     igh  a  turbid 

d   the  depth  at  which  -I 
a-  dUti  of   the   amount   "f   turbidity  present. 

mount  "f  water 

tilled  v 
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quantitative  extension  to  nil  aorta  of  pni 

tuiil  a  suitable  medium  tn  ensure  thru  hiisim  n 

and  not  in  tin*  n 

The  suspensory  liquid  consists  of  100  gin.  of  gelatine,  1M| 

i  ||     e  .  t|,    m  )•!,  ,,||.|    |    jrrn,   of    Nllit  \  III 

in  a  liter  of  distilled  b  little  u  I 

1    i  .i      ii  remain 
and  does  not  putrefy.     It  may,  if  desired,  : 
special  reagent  (baric  ehh  a  volume    i    the 

mrxtui  i  be  added  t«>  it  volume  of  n  ver 

sulphate,  and  also  to  ;i  volume  of  sulphate  of  unknown 
by  dapreasuig  the  Mink   buttons,  the  eolnrinn  na  tba 

relation  between  the  two.      Tlie  reacting  btxliea  should  in 
oaaea  b  m  ;  thus,  bydric  snip  i  id  not  1- 

against  potasaic  rolphate.     The  key  to  si 
f  ict,  i  quality  i  tn. 

If  tlie  precipitant  should  1»-  nJkal   u 

old  Etast  be  in'nti'idi/(dt  and  then  mixed 
with  more  alkali  or  carbonate.     Surh  solutions  a*  aqueoi 
chloride  and  sine  sulphate  can  then  be  added,  the  whole  instant!) 
well  shaken,  and  the  result  compared  with  n  standa 
other  tube. 

Lime  can  be  determined  hj  adding  ammonia  and  imnm  i 
lo  the  suspensory  liquid, and  then  ;i  weak  solution  of  calcic 

There  is  probably  ao substance  incapable  of  suspension  ton 
than  half  an  hour — a  period  sufficient  for  thirty  comparh 
most  precipitates  will  refuse  to  fall  for  hours,  sometimes  For  days, 
together.     Traces  of  argentic  chloride  will  reti 
this  liquid  for  months.     The  operatoi   has  therefore  only  t 
such  ;i  strength  of  standard  precipifa  tc  as  shall       i   him  not  too 
great  sn  amount  bo  suspend,  and  an  opm  ity  equal  to  about  fiftj 
scale  divisions.     If  tlie  substance  precipitated  should  be  soluble  in 

Lution  of  gelatine,  that  solution  should  be  saturated, 
nan,  with  the  precipitate  in  question. 

The  colorimeter  is  an  instrunicnl  admirably  adapted  for  n 
comparativeiy  unskilled  hands,  and  especially  in  those  in.; 
analyses  where  one  clatta  of  product  i  itJv  tested  hy  n 

rjerson. 


Directions    for    Use. 

1.    Clear  Li  Quids.— The  two  coloured  dL«ks  arc 

I  u  od  on  one  of  the  tub*  bushed  do«  i 

bo,  tin-  little  window  being  oi 

known  strength  is  poured  in  through  the  brass  mho  at  the  top,  until  the 
murk  IO0  is  exactly  rear  lied.     The  tube  if  then  placed  on 
behind  ;i  greund-gua  window,  and  the  pi 
on  looking  do  i 

remember     The  other  tub  with  the  soli 

strength,  and  placed  beside  the  first .  on  is  raised  until,  w  i 


§  41.  THE    COLORIMETER  133 

with  the  same  eye,  the  depth  of  tint  in  both  tubes  appears  to  be  the  same. 
This  depth  is  taken  by  subtracting  the  scale-reading  opposite  the  piston's 
top  from  the  reading  at  the  level  of  the  surface  of  the  liquid.  The  relative 
strengths  of  the  liquids  are  inversely  as  the  depths.  Thus  the  standard 
being  50,  and  containing  2  per  cent.,  the  other  solution  reads  75;  its  strength 
was  therefore  75  :  60  :  :  2%  :  1*83*/..  It  is  well  to  work  with  different 
depths  of  the  standard  tint,  and  take  the  mean  of  the  results.  If  the 
strengths  differ  by  more  than  10  per  cent.,  they  should  be  adjusted  by 
dilution  to  less,  and  re-determined. 

2.  Turbid  Liquid*. — Milks  are  examined  by  diluting  them  100  times, 
and  comparing  them  with  a  milk  of  known  strength,  equally  diluted.  The 
comparison  is  made  by  lowering  a  black  button  through  the  liquid,  until  its 
rounded  top  just  disappears.  The  calculation  is  made  as  above.  Colourless 
metallic  solutions  are  examined  by  precipitating  them  with  some  suitable 
reagent,  and  shaking  with  an  equal  volume  of  a  10-per-ccnt.  acetic  solution 
of  gelatine ;  the  turbid  liquid  thus  made  is  compared  with  a  similar  prepara- 
tion of  known  strength,  by  lowering  the  black  buttons. 
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PART    V. 

APPLICATION  OF  THE  FOREGOING  PRINCIPLES   OF 
ANALYSIS   TO   SPECIAL   SUBSTANCES. 

ahttjcoott. 

8b  =  120. 

1.     Conversion    of    Antimonioua   Acid   In    t1Va""*    Solution    Into 
Antimonic    Aold   by   Iodine    (SCohr). 

§  42.  Axtihoxiouh  oxide,  or  any  of  its  compounds,  is  brought 
into  solution  as  tartrate  by  tartaric  acid  and  water ;  the  excess  of 
acid  neutralized  by  sodic  carbonate ;  then  a  cold  saturated  solution 
of  sodic  bicarbonate  added,  in  the  proportion  of  10  c.c.  to  about 
0*1  gin.  Sb2():!;  to  the  clear  solution  ^  iodino  and  starch  are 
added  until  the  blue  colour  occurs.  No  delay  must  occur  in  the 
titration  when  the  bienrtanate  is  added,  otherwise  a  portion  of  the 
metal  is  precipitated  as  antimonious  hydrate,  upon  which  the  iodine 
has  little  effect.* 

For  the  estimation  of  antimonic  acid  and  its  salts,  G.  von  Knorre 
(Zait.  Avf/etr.  Cttem.,  1888,  155)  gives  the  following  method  as 
accurate : — 

The  solution  of  the  salt,  strongly  acidified  with  hydrochloric  acid,  is  treated 
in  a  roomy  flask  with  strong  solution  of  sodic  sulphite,  added  gradually  in 
small  portions.  It  is  then  vigorously  boiled  until  all  SO-  is  expelled,  a  drop 
of  phenolphthalein  is  added,  then  caustic  potash  until  red ;  this  is  in  turn 
removed  by  a  small  excess  of  tartaric  acid.  Sodic  bicarbonate  is  then  added, 
and  the  titration  with  iodine  carried  out  in  the  usual  way. 

The  colour  disappears  after  a  little  time,  therefore  the  first 
appearance  of  a  permanent  blue  is  accepted  as  the  true  measure 
of  iodine  required. 

1  c.c.  TNff  iodine  =  0'0060  gm.  Sb. 

Estimation  of  Antimony  In  presence  of  Tin   (Type  and 
Britannia  metal,  etc). 

The  finely  divided  alloy  is  dissolved  in  strong  hydrochloric  acid 
by  heat,  adding  frequently  small  quantities  of  potassic  chlorate. 
The  liquid  is  tailed  to  remove  free  chlorine,  cooled,  a  slight  excess 

*  Dunstan  and  Boole  (Pharm.  Jour.,  Nor.  1886)  have  proved  that  the  accurate 
estimation  of  the  antimony  in  tartar  emetic  may  be  secured  by  tbia  method,  uaing  the 
precautions  above  mentioned. 
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of  attorn;  solutioi  iodide  added,  and  1 1 1* -  liberated  iodine 

hiosulphate.     s.-uir   operators    pi-  I 

i    hi&idjdndc    previous    to 
ion. 
130  Sli  Ii1a*rate  'J"*:;  i,  untl  tin-  weight  ol   I  found  multiplied 
sw. 

>t. 
Lea 


tn 


n  "r  other  metal  capable  of  liberating  iodine  lw  pnm 
he  alloy  with  nitri<  to  obtain  the  oxid, 

imony  and  tin     wash,  l«»il  in  hydroohlo]  tnd  proo i 

i lose ri bed,     Thi    rationale  is,  that  antimonic  chlonde  is 
■*1    to   antimunious  chloride,   while  stannic   enloride 
■ 


2.    Oxidation  by  Potaaaic  Bichromate  or  Permanganate    Kenlfr'. 

Bichromate  or  permanganate  adde<  Lntfau  of  antimonioua 

titaining  not  l<  iluine  of  uydrocnloria 

i    i   -  inverts  ir  into  antinionic  chloride. 
'."U  is  uniform  only  when  the  minimnm  quantity  <  * 
badical  sent,  bat  it  ought  not  to  excel  a  |  the  volume, 

and  til-  preooutiona  before  given  as  to  the  action  of  hydrochloric 
acid   "i    permanganate   must   be  taken   u  i  ,;m,   hence  it  w 

iehroninte. 
K  usalcr  I  /:,■;.  cviii.  17)  has  carefully  experimented 

lIus  method  and  adopts  the  following  processes, 

■  i«l  is  prepared  containing 
pare  acid,  dissolved  by  the  aid  "t"  sodic  hydrate,  neutralize,! 
■  id,    100  cc   n  mcenl  rated    hydrochloi  << 
dilutod  with  water  to  1  liter :  each  cc,  o\  this  solution 
s  0*005  gin.  A.--(>;,  and  represents  exactly  0*007253  gin. 

Solutions  of  potasnic  biehromate  and  ft  rrous  "sulphate  of  known 
n  :.i  -   .  I   othc      u     [»rep  ret  I  in  the  usual  waj  : 
•  I  solution  of   potaasic  ferrieyanide  used  as 
■ 

relation  between  tip   bii  I  aohition  ■ 

f.«  in-1  tiring  ID  cc  of  the  latter  into  s  beaker,  "JO  cc 

r    1*12,  and  from  80  to  100  cc   of  water 

uniformity  the  volume  of  Hl_'l  must  never  be 

1  ) :  the  bichromate  solution  is  then  added 

Lowed  to  i  few  minutes,  and  the 

.  added  until  thr  indicator  shows  the  blue  colour, 

I  point  more  closely,  !  or  1  cc.  bichromate  solution 

added,  and  igain  iron,  until  the  precise  ending  is  obtained. 

rwr;  The   01  tr-.m   org  HJ  ids,  Or 

mil   titnitC'l 
ply  w  i.  ions  tomtion;  Mm  strength  of  the 
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bichromate  solution  having  been  found  in  relation  to  AjbH)3  the  calculation 
as  respects  SlrO3  presents  no  difficulty.  Where  direct  titration  is  not 
possible  the  same  course  may  be  adopted  as  with  arsenic  (§  43.2)  ;  namely, 
precipitation  with  IPS  and  digestion  with  mercuric  chloride. 

In  the  case  (if  using  ]wrmaugtuiate  it  is  equally  necessary  to  have 
the  same  proportion  of  HO  present  in  the  mixture,  and  the 
standard  solution  must  he  added  till  the  rose  colour  is  permanent. 
The  i«*rmanganate  may  he  safely  used  with  J  the  volume  of  HO, 
with  the  addition  of  some  magnetic  sulphate,  and  as  the  double 
tartrate  of  antimony  and  ]«>tassiuni  can  readily  l>c  obtained  pure, 
and  the  organic  acid  exercises  no  disturbing  effect  in  the  titration, 
it  is  a  convenient  material  upon  which  to  standardize 'the  solution. 


3.  Distillation  of  Antlmonious  or  Antimonic  Sulphide  with 
Hydrochloric.  Acid,  and  Titration  of  the  evolved  Sulphuretted 
Hydrog-en  (Schneider). 

When  either  of  the  sulphides  of  antimony  is  heated  with 
hydrochloric  acid  in  Bunsen's,  Freseniua',  or  Mohr's  distilling 
apparatus  (8  35),  for  every  1  «m|*  of  antimony  present  as  sulphide, 
3  eq,  of  H-S  are  liberated.  If,  therefore,  the  latter  be  estimated, 
the  quantity  of  antimony  is  ascertained.  The  process  is  best  con- 
ducted as  follows : — 

The  antimony  to  be  determined  is  brought  into  the  form  of  tor-  or  penta- 
sulphide  (if  precipitated  from  a  hydrochloric  solution,  tartaric  acid  must  be 
previously  added  to  prevent  the  precipitate  being  contaminated  with  chloride), 
which,  together  with  the  filter  containing  it,  is  put  into  the  distilling  flask 
with  a  tolerable  quantity  of  hydrochloric  acid  not  too  concentrated.  The 
absorption  tube  contains  a  mixture  of  caustic  soda  or  potash,  with  a  definite 
quantity  of  &  arsenious  acid  solution  (§  36)  in  sufficient  excess  to  retain  all 
the  sulphuretted  hydrogen  evolved.  The  flask  is  then  heated  to  boiling,  and 
the  operation  continued  till  all  evolution  of  sulphuretted  hydrogen  has  ceased; 
the  mixture  is  then  poured  iuto  a  beaker,  and  acidified  with  hydrochloric 
acid,  to  precipitate  all  the  arscnious  sulphide.  The  whole  is  then  diluted  to, 
say  300  c.c  ,  and  10  J  c.c.  taken  with  a  pipette,  neutralized  with  sodic  carbonate, 
some  bicarbonate  added,  and  tho  titration  for  excess  of  arscnious  acid 
performed  with  ^  iodine  and  starch,  as  directed  in  §  36.  The  separation  of 
antimony  may  generally  be  insured  by  precipitation  as  sulphide.  If  arsenic 
is  precipitated  at  the  same  time,  it  may  bo  removed  by  treatment  with 
amnionic  carbonate. 


ASSENIC. 

As  =  75.     As2!)3  =  198.     As205  =  230. 
1.     Oxidation   by    Iodine    (Mohr). 

§  43.  The  principle  upon  which  the  determination  of  arscnious 
acid  by  iodine  is  Kised  is  explained  in  §  36. 

Experience  has  shown,  that  in  the  estimation  of  arseuious 
compounds  by  the  method  there  descrilwd,  it  is  necessary  to   use 
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andic   bicarbonate   fo  solution  .ilk;i!ih'-  .1-.  in  bl 

. 

TAr  Ana! i-  uf  *i  hi  rated 

sotulioa  of  )  very  0*1  jjiii   •  •■  itl  then  litnite 

-ii.     When  th<  -  ■  icid,  the  exeefl  may  Ik* 

i  in    neutral  sod  Lie,  then  th<  [uantity  ol  bsoar- 

i|  i|jt<  tilmtio  bcfoi 

Tbe  titration  ol   i  itl  Lb  best  done  by  absolving  the  neid  la 

■  Ldoric  avid  in  burse 

until   »il  iodine  vspoun  ar  The    ksHO4  i»  completed} 

I  to  AsHO*.     Tin-  liquid  u  then  ooolod,  kmUo  carbonate  added  to 

iv.  ilien   -  titrated  with 

ger  {J.  tf.  C.  /.  \x.  168)  dm  verit 

d  (Inn  ili>-  reduction  i*  complete :  be  slao  statee  tlmt  when 

liberatioo  of  u  wight  uaoantol  loom ora* 

i  jycerioe.    CM  ooung  the 

iiinilar  iuteiforing bodioa 

1  Co.  ft  i.MiiiM-  -  0*00495  gm.  AbW,  or  0*00575  gm,  A**) . 

Titration  of  Alkaline  Arsenintes. —  In    tin-   fourth   edition   of  this 
book  it  was  recommended,  on  the  authority  ■■!  Barnes,  to  estimate 

■    utr.s  of  soda,  etc,  by  reduction 

with  sulphurous  acid  (jmssing  th«  gas  through  the  liquid),  boiliug 

off  thi  fi  tiring  with  sodic  bicarbonate,  and 

og  with  iodine  as  described   above,     This  method  has  not 

Jta     The  mew  passing  the  gaseous  80a 

!i   the   liquid   does  not,  in  nil   <  mplett 

<  id. 

H  t.lt  lit.i"  (Z.a.a  jaai.  378)and  McKaWG  -V.  IfiL  221     243) 

i\  uu  tliis  method  «.i  estinmtixig  arsenic, 

which  was   re-all)  originally  (suggested  l>\  Mohr,  but  never  widely 

adopted,  <••  ■  t  already  mentioned,      [lolthof  proved 

i  on  l>eing  1 1  ni"  arsenic  arid, 

dryness  with  HC1  witlioul  loss,  anil  that 

dlide    emild    be.  oxidised    by  Ptronjj  or  with 

nd   K.CIU  d,  and  reduced  to  the  lower  state  ol 

oxidation  hi  I  with  SO2,  the  method  being  to  add 

>ii  of  SO8,  digest  on  the  water  Uith 
f.-r  two  hoars,  thou   boil  down  to  .    mil  when  cool  add 

bieurtioimte,  mi<  1  iih.il'-  with  iodine  unci  star 
Mr  I-  ixtnrc 

bottle,  tying  down  the  stopper,  and  digec 
i     hour.      At  the  end  of  tli.it  time  the  Ijn 
i  -I  and  allowed  i"  cool  somefl  h  mptied  into  n  boiling 

■  I  with  about  double  it--  volume  of  water,  and  boiled 
bi    help  ol    b   platinum  spiral  t<»  one-half.     The  liquid  is 
md  either  the  whole  m  ail  ali«|in it  portion  i 

ntiug  ibout  01  gm.  As,  ;t"  '■.'-. 


§    +3. 

d  solution  of  si  i-  -will 
therefore  be  made  in  .1  tattle  hold 

alkaliii"'    arseiiinte*,    which    irfteu    couttiiu    KiuiilJ 

it,    ami     I  1 
deducted  from  the  tote]  obtained  after  n 

2.      Oxidation    by    Potaaaic    Bichromate     Keisler  . 

This  method  is  anofrv  the  some  as  is  fully  deaerihed  in  §  v&  for  antimon*. 

Tin?  amnions  compound  is  mixed  with  t*5  bichromate  En  esei  - 
Of  bydroohlorio  aci    and  racb  proportion  that  al  1 

volume  OOnsi  Id  (m.  gT.  II-  . 

The  •soon  of  bichromate  ii  found 

biehromta  reduc  Measure  of  the  qu 

1  v.v.  *-  bio}ironmtea>00049G  grra,  \-  0 

In  CM  be  direct  titration  or  the  hydrochlo 

impUaUed*  the  arsomoui    cid   is  precipitated  with  II 

well  washed,  the  filter  and  I  laced  in 

a  stoppered  bask,  together  with  a  saturated  solution  of  mei 
. 
-  white,  then  water  added  in  rach  proportion  thai  not  Less 
•  ■I  (be  volume  of  Uquid  consists  oi  concentrated  fclt'l 
added,  and  the  titration  with  »1  indard  ferrous  >**lut  d  as  usual. 

3,      Indirect    Estimation    by    Distilling    with    Chromic    and 
Hydrochloric    Acids     Bnnsen). 

Tin-  prim  lod  depends  upo 

that  when  potassic  bichromate  is  boiled  with  concentrated 
.  chlorine  Is  liberated  in  the  proportion  of  3  eq.  U 
chromic  acid  (see  §  52.3). 

If,  however,  arscnious  acid  i*  present,  hut  not    in  i 
chlorine  evolved  is  md   in  the  proportion  uieutionei  buteo 

much  K-ss  an  is  neeeHsnry  t-<  convert  the  araenious  '  i 

"  =  +ai  +  *Jll-n=.\-()'  +  4Hri. 

Therefore  ever)   1   u|.  r.f  cldorine,  t*hort  <>f  the  i|uanttt)  yielded 
when  bichromate  and  hydn  tilled  uloti 

1  is|.  .  icid.     The  operation   is  conducted  in  tin 

fig.  20  -a  30. 

4.      By    Precipitation    aa    TJranic    Arsenate     Bodekei   . 

The  arsenic  must  exist  in  the  ic  acid  (AsWj.aiJ" 

1      11  respects  the  name  as  for  the  estimation  of  phoapb 
nbauor,  Pincus,  and  uij 
solution  mar  he  ascertained  and  Axed  by  pun 

quantity  of  pure 
add  b} 
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wwitb 

phosphoric  acid ;  the  solution  of  uranium  should  be 

i n  iiiiinl  hen  I'  M 

:  ■  . 

quantity  of  liquid,  thfl  amount  of 

■f  the  fluid  under  litmLion  with  the 

i 

Bonin  (/'.  X  l*i.  219),  who  1ms  hid  largo  experience  in  the 

:  lis  method  bb  living 
urate,  and  earri<  a  followB : — 

1  in  i  boQed  to  iliyuM  with  20 — £5 

.i        H  ■    l 

■olution  i*  added  and  boiled  foro  Fen  minute* ;  then  dilated,  tiltm-d  mid 
iaiUo   up  to  25o  •  Iqnid   ii  acidified  with  ■  solution 

i   cent,  teeth)  Mdd,  and 
rated  niiii  ilu  standard  uranium  u  usual.     For 
"  anu authority  raooamMDdB  ulna   he  hmil  fourth  normal 
OK   1""I  ton.  urauic  acetate,  and    IG 
ar«ti<*  arid   HI  8  lUcis  wttb  ■  '•.   being  OQUa]  bo    I'L'i- 

method  baa  to  be  considered 
be  adopted,  ah*  mnmerce  i* 

■  [nan  exactitude,  it  is  necorary  tlmt  the 
ud  out  with  proportion*  of  saline  matter*, 

noetic.'1  I  in  origins  Lrdhsftur  the  unintuin.    I  there- 

fore ub  run  mend  that   (he  urauium  should   be  Btaodardiaed 

mth  a  in  the  prdfenoeaf  the  same 

n -elate  of  aodn,  :\>  I  will  actually 

'  ore.    'Die  method  may  he  u«cd  for  all  OTQB 
nubble  for  iron  pyrites 
rsetiic  ;  tht1  ferric   arsenate  hein? 
denotng  Bees*  of    NaHO,  thus  allowing  tbt    brria  bjfliwa  to  he 

Tin.'  solution  <»f  arsenic  acid  must  of  coarse  l"-  free  from  a 
v>'  ;i  eulunr  with  the  indicator  and  from  phoi 
Alkalies,  uikaliiic  earths,  ant]  zinc  are  of  ic  consequence,  but  it  is 
ariviaul  |i|   m-ail\  the   required   volume  of  uranium    I 

I  from 
hicli  would  yield  compounds  insoluble  in  weak 
:i»  i«l. 

■ 
fuming   HXO*t  evaporated   tn  dryness,  the 
oiil  diinolved   in   a*atfti   (antimony    it'  present   w  insoluble),  then 
ly  with  uranium  in  presence  <»f  free  acetic  acid  and 
*  uImivm  descrilied. 


B.      By    Standard    Silver    as    Arsenate. 

o1    this  method   bus    been    adopted    by   I' 
■   Sim  Itiii-  Cntnpitny,  ami  alau  by  Mel 

however,  differ    in    tli  nf    the 

I'll*-  i-nii.'i    |in  i  i  he   arsenic    as   ailver 


no 
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arsenate,  and,  iustimnl  in 

,  kh..w  n   excess  "f 
nod  estimates  the  combined  si] 

Pearce's  Process.      The   I  lubsUnee  foraiin! 

in  a  bur  if  o  porcelain  enn  six   to  ion 

mixture  <>r  equsl  parts  of  iodic  narb<  The  inn*  i« 

sated  Willi    ;i    gradually  incn 

luhle  |x>rti<  i 
filler  in  Hi--  crucible,  iiml  filtering  iroin  the  iiiMjIuhle  re* 
is  in  lb  !<-.     The  solution  is  :u 

ioidiodbofled  to  expel  COa  and  uitrout  It   Is  theu  cooled  to  the 

ordinary  tempt         i        " d  almost   i 

small  piece  of  litn  id  :  it  Kbrtuld   show  .in  arid  i 

Now  gradual  immouia  till  the  lltmi 

v  gain  make  slight!}  m  id  with  a  drop  or  twi 
:i<  Ed  ;  mill  then,  by  ■  mmonia  an  I 

bj  drop,  bring   the  solutiou  tu  audition  thai  tin*  li 

having   previously  ,  "ill,  in   the  ooum  of   half   a  roiuute, 

begin  to  show  signs  of  alkalinity.    The  litmus  papt 
■on  and  'i  b  i  ■  i  lie  solution,  if  lol  ■  Ibi  the  mid 

silver  nitrate,     If   the   neuti  i 

(alumina  filter  it  off  at   once,  to  render  the  sub 

flHntionQod  iroahingd  th  rier. 

\   ■  -if....       diver  nitrate  (neu  ow  added  in  slight 

after  stirring  n  aion  II;    coagulate  tli 

colour,   the  liquid  is    lilt  'red,  and  tin 
washed  with  cold  water.     The  filtrate  la  then  tested  »iti. 
ammonia,  to  nee  that  th< 

The  object  is   non  to  determine  the  amount 
■ad  from  tfaisto  calculate  thearsenic.    Them 
the  filter  with    dilute   nitric   acid    'which  leaves  u  i 
of  silver),  rod  tfaa  attnae  titrated,  after  fin-  addition  <tf  ferric  sulpuat* 
■  ..::•  thiocyan  if  i  i 

.:.  the  formulii   I   Vg  I  KA  '« •'.  648 

01  Ag  :  A  W, 

MeCay'a  Process.— J  In    prclunluary  fusion  -  in  the 

former  method,  bul   ivfter  acidulating,  with  nitric  iieid  and  i 
«>lV  (.'i  >-.  tli*   li. |i i (i I  \e  evaporated  to  <;  ud  lieu  tod  till  ft 

licid  fumes  are  given  oiX.     Tin  \n  taken   up  with 

filtered,  made  U]i  to  a  definite  volume,  and   Lin 
nt  the  following  manner; — 

olntion  <■!  arsenic  acnl  ■"  i  rsenal 
standard  silver  nitrate   run  in;  the  liqtii'l  is  then 

nd  the  liquid  hmunni  rlrir.  irhrn  the  boater  is 
to  bo  removed  from  the  flame  and  li  .     7        Dili 

\*  now  carefully  added   until  a  cloudiness  ceases  to  form.    The  solution 
should  be  well  Mined  be  fori- 

order  t->  observe  the  cloud  formation 
artenan  I       ■  '<■■   md  well  niched;  the  filtrate 

,. 
ting  to  Volhurd's  in  19).    Tueann» 

tlm*  found  deducted  from  the  quantity  taken  given  the  amount  n 
the  arsenic ;  and  from  this  datum  tin 
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CM  i  i  methods  tlie  preference  must  be  given  to  the  ht.-t 

no  the  -•  on  oj    u  i  rum  \ ,  fch  1-  sb  prob  ihil 

both,  bo wm  or,  fire  nvailablr  for  \>  ■ 

,  ounl  of   Li  ->  u  -I'-  "i"  silver  formed  from 
JJ  quantity  of   arsem<    (ncarh   sis   times   by  weight),  it  is 

ile  to  ivork  u itli  large  amounta 

1 1-5  gm.  ia  u  molly  sufficient  for  the  determination  ei 

i  ;  and  where  the  pen  entage  is  high, 

iken  with  idvantage.     The  in  I 

tsed   wild   very  satisfactory  result*  on  the  Bnlphnle  of 

lined  in  the  unlimin  course  of  nnulysia, 

lie  and   phosphoric  acids,  which  nmv 

behave  similarly  to  fireenic  under  tlii-  treatment,  interfere,  of  course, 

!.     Antimony,  by  forming antimoniate of  aodium, 

luljle  mil  withoul  effect 

The  method  has  been  used  by  McCaj    for  the  estimation  of 

in  ilu    prow-nee  of  nl  kali  in  I        lining   in 

Ulill'T.ils,  with  SUCCfM. 


BARIUM. 

lie     156-8, 


£44.     fa  a  great  number  ol  Liustancea  the  eatimation  of  barium 

iply  the  •■  -\  the  process  fur  sulphuric  acid  (J  73), 

-Mml;inl  solution  of   sulphuric  acid  or  a  neutral 

sulphate,  in  ;■  known  unl  finding  the  amount  by  residual 

When    barii  porn)  arbonate,  the   Bstimation 

le  as  in  £  17. 

Precipitation   as   Baric    Chromate. —  A      deoinormaj      Boltlt 

mate  for  precipitation   puqxw*es  must  differ  from  thai 
far  oxidation  purposes.     In  tin*  pn  the  solution  is  made 

ii,  of  pure  pntnssic  bichromate,  and  diluting 
iter. 

barium  compound,  which  may  rout  tin  alkalies,  magnesia,  strootia, 

•  dissolved    in  ii   ■-''•'•'I  quantity   of    miter,  ummonin    free  from 

■  1)0   or  7m   i      and  the  standard  bichromate  added 

the  yellow  precipitate  of  bario  chroruato 

U  formed,  and   until  Hie  eli  iquid  possesses  a  faint  yellow 

solution  =* 0*00681  _ui.  Bu. 


Titration  of  the  Precipitate  with  Permangajaate. —  In    llii*  C 
mate  i-  nell 

■•:    iron   oxidized   by  the 
in  with  |H-nimriirrin:  [Uantity 

multiplied  by  the  factor  0*8187     Ba. 
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BISMUTH. 

Tiik  estimation  of  this  ni<  compuunil 

ri<'.il]\  faaa  occupied  the  attention  oi   Pattinsoa  Muir,  Ui  wlmm 

gaining  tlii>  end.      I 
1  lie  best  -in-    given  liure,  iiawely,  ([)  precipitation  "f    the  mi-t.il 
c  «'\.il.it.  ,  .1 1 nl  titration  witli  juTman^iiiiatv  :  t'2\  \\ 
■  tphatfl  with  third  sodi<   phosphate,  and  til 

of  thai 


1.      Titration    as    Oxalate. 

Normal  bismuth  oxalate,  produced  by  mid 
add  to  a  nil  i  n  of  the  metal  win 

and  boiled  with  successive  quantities  of  water  for  tlir >r  four 

i    insformed   into  luisic  oxalate.     The  mcthud  of  til 
!  fflcrwi ; — 

The--  rtbo  fret*  from  hydrochl 

tho  bttsi'-  iTTfthrr  u  readily  soluble  in  thai  sci  I   nitric 

acid   must  also  be  avoided.     Oxalii  L  be  i 

exeew.     If  thopr<  i -lily  shaken  up  with  the  liquid,  and  Uu 

vt—-i'l  be  tin;1  ,lli»'   prtH'ipil  mutant 

Miy  bi  pouted  "tv  tnTougn  i    Biter  in  o  very  ihorl  time.     It   the 

precipitate  be  boiled  for  five  or  ton  minutes  with 

about  50  ex.  of  water,  it  i*  quickly  transformed  into  the  b 

:i*  Ihe  MijH-nmt-nt  liquid  ceases  to  whow  an  aeul 

is  complete.     It  ii  well  to  employ  a  solution  of  pcnnannraiiatc  so  dilate,  thai 

at  least  Bu  dx.  ;ir«-  required  t"i  the  titration  („*,  strength  nutlicw)      Ti 

oxalate  may  Ik-  dissolved  in  dilute  sulphuric  arid  in  plaei  ■<  hlorie  ; 

it  faawreaoluijle,  however,  in  the  tnttcr  acid      II  (he  solution  i 

little  hydrochloric  acid,  there  is  no  danger  of  ehlorin 

the  proo—  of  titration. 
In  applying  this  process  t->  the  estimation  of  bismuth  in  n  «Mution 

containing  other  metals,  i1  U  necessary,  if  the  solu  «tauce* 

capable  of  acting  upon,  or  of  beiuR 

nnuth    from  the  other    met  Tout    is  cosily  done  by 

biting  ini  partially  neatnlta  a  vritfa  much  wine  ws 

■\  little  i  nlnrido.     Tlio  precipitate  miw 

sHqtrid  boiled  down  once  or  twice  with  addition  of  the  en 

order  to  expel  all  hydrochloric  :u-i  I  The 

Liquid  ahoulu  contain  jii^i   suflieienl     i 

llio  basic  nil  rate  bel>  id  is  added.     I  inolocul 

■ 


.\  shorter  method,  liased  on  I  ie  it  actions,  1; 

ir  a  L  C.  8.  J,  \Ii.  1).     In  tli 

the  double  oxalate  of    potassium    i 
obtained,    the    excess    >>t    oxalate    of    [lotash    li 
n-si<ln:tllv.       Reis   ( /■  eiv,    1172) 

normal   potassic  oxalate  is  added   I 
aineral  acid,  lmt  con  tail  i 
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tpitated      1  l  r  applying  fchfc 

"j   !        "Ii  in  mixtures,  it  ia  no 
1  u  oxychl  Chat  it.  aliould  be  obtained 

in  eolation  u  n  b  .<  small  excess  of  nitric  acid.    Tibia  i> 

pari  of  the  Itea  add,  allowing 
fhiitiii  [•>  i.  main  that  tit.-  biamuth  may  remain  in  aolution 
while  hot.     A  large  excel  acid  ia  tl i+  d  added,  it  i 

iij'  to  ;i  definite  measure,  and  nn  aliquot  portion  taken  for  titration. 
The  solution  oi  uurrunl  potossic  oxalate  standardised  by  pennan- 
nniiatc  must  not  )><•  added  in  great  excess,     h  La  wall,  fcherefi 
delivi  i  tin-   bismuth   liquid    from   a   burette   until   the 

itntum  is  apparently  complete,  then  add  .i  Ian*  bxeeb  <■.<■.,  and 
main  tof  some  time  with  shaking,     It  ia  then  B 

■  -I  portion  taken,  and  the  residua] 
oate. 


2.     Precipitation    as    Phosphate. 

The  ii'---'  -  i  ml  aoluti<  m 

(<*;    Standard  aodic  [ihospliate  containing  96*6  pa.  per  liter. 
:     i 

uranic  acel  tiding  volume  f-  i  volume 

with  the  above,  when  titrated  with  nn  approximately  equal  amount 

id, 
depends  very  much  upon  identity  of  conditions,  us  is 
iui  •]  in  $  69. 

Tlio  bismuth  to  imM  !<•  <Ii--.<|yhI    in  nitric  acid;  bases  other 

-lies  and  alkaline  earths  must  be  absent    The  absence  of  those 
interfere  with  the  determination  of  phosphoric  acid  bj  the 
uranium   process   (non-volatile,  and   redudng  onronic  acids,  sulphuretted 
bydroj:>  o  1,  etc)  must   be  assured.     Aa  bismuth  Ii  readily 

■  <\  fro tn  other  metals,  with  the  exception  of  antimony  and  lin,  by 
iiui'h  warm  water  and  a  liti;  ride  to  feebly  acid 

•olulaoua,  a  te\  of    the  bismuth  from  those  other  metals  whkNB  are 

present  should  precede  the  process  of  estimation.    If  alkalies  or  sUraMna 
Bsent,  the  separation  may  be  dispensed  with.    The  pro- 
I  ad,  dissolved  in  n  little  triouxd, 

i m  lioilcd  (lown  twice  with  addition  of  a  little  more  nitric 
whole  of  the  hydrochloric  acid  present, 
a  quantity  of  a  tolerably  concentrated   solution  of  sodie  BO 

i lion  of  the  nitric  acid,  and  therefora  the 

>[uid  of  free  acotic  acid.     If  a  pri  onn,  i  further 

'    nm-t  be  made.     The  liquid  is  heated  to  boiling;   \ 

red  volume  uf  the  sodio  phosphate  solution  is  ran  in;  tin'  boiling  is 

rout  i  niiwl  for  a  few  minute*  ;  the  liquid  is  passed  through  n  ribbed  filter,  the 

late  bciutf  washed  repeatedly  with  hot  water ;  and  the  excess  d  pooe- 

iltrate  by  titration  with  uranium.     It  the 

liquid  be  received  in  a  measuring  flask,  which   b  fly  tilled 

mark  with  water,  and  il"   the   inverted    uranium    method   lie  then 


urate.     Thi-  method  is  especially  to 

tended  lilies  of  hi»mutli. 

I  sea  a  largo  amount  of  sodic  acetate  will 
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have  been  used,  which,  as  is  well  known,  has  a  considerable  disturbing  effect 
on  the  reaction  of  the  indicator. 

If  the  bismuth  solution  contain  a  large  excess  of  nitric  acid,  it  is  better  to 
neutralize  nearly  with  sodic  carbonate  before  adding  sodic  acetate  and  titrating. 

Fuller  details  of  both  the  above  processes  are  contained  in  J.  C.  S. 
1877  (p.  674)  and  1878  (p.  70). 

BROMINE. 

Br=fcO. 

§  46.  This  element,  or  its  imoxidized  comjwunds,  can  l>e 
estimated  precisely  in  the  same  way  as  chlorine  by  T^  silver  solution 
(§  37),  or  alkali  metrically  as  in  §  28,  or  by  sulphocyanate  (§  39), 
but  these  methods  are  seldom  of  any  avail,  since  the  absence  of 
chlorine  or  its  combinations  is  a  necessary  condition  of  accuracy. 

Bromine  in  aqueous  solution,  or  as  gas,  may  be  estimated  by 
absorption  with  solution  of  jiotassiciotlide,  in  many  cases  by  mere 
digestion,  and  in  other  cases  by  distillation,  in  any  of  the  forms  of 
apparatus  given  in  §  35,  and  the  operation  is  carried  out  precisely 
as  for  chlorine  ($  50).     1  eq,  1=1  eq.  Br,  or  I  found  x  0*63  =  Br. 

A  process  for  the  estimation  of  bromine  in  presence  of  chlorine 
is  still  much  wanted  in  the  case  of  examining  kelp  liquors,  etc. 
Heine  (Journ.  f.  prart,  Chem.  xxxvi.  184)  uses  a  colour  method 
in  which  the  bromine  is  lilxjrated  by  free  chlorine,  absorbed  by 
ether,  and  the  colour  compared  with  an  ethereal  solution  of  bromine 
of  known  strength.  Fehling  states  that  with  care  the  process 
gives  fairly  accurate  results.  It  is  of  course  necessary  to  have  an 
approximate  knowledge  of  the  amount  of  bromine  present  in  any 
given  solution. 

Keimann  (Anna!,  d.  Chem.  u.  Pharm.  cxv.  140)  adopts  the 
following  method,  which  gives  tolerably  accurate  results,  but 
requires  skill  and  practice. 

The  neutral  bromine  solution  is  placed  in  a  stoppered  vessel, 
together  with  a  globule  of  chloroform  about  the  size  of  a  hazel  nut. 
Chlorine  water  of  known  strength  is  then  added  cautiously  from 
a  burette,  protected  from  bright  light,  in  such  a  way  as  to  insure 
first  the  liberation  of  the  bromine,  which  colours  the  chloroform 
orange  yellow ;  then  more  chlorine  water,  until  the  yellowish  white 
colour  of  chloride  of  bromine  occurs  (KBr  +  2Cl==KCl  +  BrCl). 

The  operation  may  be  assisted  by  making  a  weak  solution  of 
potassic  chromate,  of  the  same  colour  as  a  solution  of  chloride  of 
bromine  in  chloroform,  to  serve  as  a  standard  of  comparison. 

The  strength  of  the  chlorine  water  is  ascertained  by  potassic 
iodide  and  -fa  hyposulphite.     2  eq,  Cl=l  eq.  Br. 

In  examining  mother-liquors  containing  organic  matter,  they 
must  be  evaporated  to  dryness  in  presence  of  free  alkali,  ignited, 
extracted  with  water ;  then  neutralized  with  hydrochloric  acid 
before  titrating  as  above. 


HKOMIXE. 


It'O.  \iii.    174)  gives  u  method  which 

well  for  estimating  bromine  in  small  quantity]  when  mixed 

proportions  ..f  alkaline  chloridea     It  i  on  the 

:t  that,  whi  i  mixture  in  health]  u»  lou    i".  with 

gnxitle  ami  sulphuric  acid,  the  whole  of  tin-  bromine  i*  liU*rnU*d 


;ti, 


trace  of  >lil- 


tin-  I 


Ivrd  is  alw 


in  nny  convenient   np|  29,  p.   117.     The  dis- 

tillation is  nutrle  h  i    Bask  with  double-bored  stopper*  one 

caching  to  the  bottoni  of  the  Bask, 
otfa  i  the  delivery  Uibewluchisccmiiectedwxththe  U  tabes. 

The  first   (J   tube  i-  empty  ;   the  second  contains  20  ce.  i 
standard  solution  of  arHcnious  acid  in  hydrochloric  acid,  continuing 
(MX  i  u  itli  an  aspirator. 

The  eppfl  god  so  that  the  flask  and  'inptv  (J  tube  are 

immersed  in  iKuLing  water,  tli«-  vajiours  of  rl*0' ore  thus  decomjtoeed, 

■  itor. 
Tin  author  are  — 

>xi<le,  uoni  «  it  63      r  i  I  . 

Dilute  sulphuric  acid  1  :  2. 

i   i;,  dilute  hydrochloric  add,  5  gm.  <»f 
pure  Aa*G  iter. 

Standard  [wtrni  i5  gm,  per  hter. 

It.  was  found  that  the  relative  >>f   the  u»  aic  and 

I"  together,  diluted,  and  boiling, 

m.       I  c  of  the  latter  t<-  20  ex  of  the  former.     Tin  i 

1  <-.c.  <»f  permanganate  bj  calculation     0*00888  ran.  Br. 
Tin-  authai  found  thai  treating  2  ran.  of  KC1  in  the  apparatus, 
bromine,  alwa  i   faint  trace  of   t'l,  bo  tliat  only 

18  «■.<'.  of  pernuuuj  re  required  for  the  l'<i  e.c.  i  I 

■    i     ■  and  tlii-  lie  rrgards  as  a  constant  fox  that 

:  intity  "f"  material    The  e ■.  uuplee  of  analysis  with  from  0-05  u> 
0*3  ran   K  Hi,  and  .ill  with  the  correction  of  O'Scc,  are  satisfactory, 
N  irmnn   BlcCulloch  (Ci  Ar.  Ix.  259)  baa  la  method, 

i  EscmI  by  himself,  for  tlie  rapid  and  accurate  estimation  of  bromine, 
in  |  :  t  iodine  "'  clilorine,  in  any  of  the  ordinary  commen  isj 

forms  or  chemical  combinations,  free  tram  oxidizing  ami  reducing 
nts    and    metuls  forming  bromides,  insoluble  in  hydrocbJ 
tL     Til--  author's  explanation  of   the    principles   niton  which 
tli-  iplicaied  and  voluminous,  for  which  the 

to  the  original  article.     1   have   m  inle  to 

rify  the   method,  bul   as  the  author  is  known  to  have  practical 
•  \;  i   knowledge,  a  short   snuuna 

ah 
The  i  UMcrilxHl  by  tin  .we — 

i w lard  permanganate,  31*9  groins  "f  the  salt  in  1Q.0UU  grains 
of  1  '    .111.  ]ht  li 

1  potassic  iodidi  <-f  KI  in  10,000  gn: 

-  ran.  i-i'f 


per  liter). 


■Iuiim-  foi  volutin 

hi  ft  -"v.,/.  stopp 

then  adding  1 1  j* •  penn  from  n  I 

If-is.       A    littli     ■lil«  m  hldicatoi  ■!    the 

pemwii^uiaL*'  cautiously  inn   In,  :   the   vioi  t 

colour  of  ill--   iodine   is  discharged,  own  t  !<  I, 

Axu-    to   tin-    rORUtion   »>f    CI    liberated    by    the    |"'im.ur_ 
HC1. 

The    iodine    equivalent    of    the    i 
bromuM  by  the  factor  x  0*6713,  and  each  decern  of  per: 
■houlri    represent    abort    8*0*]    grmin    B*    | 
gBS    llr). 

Th**  otlw  purified   rhliirofonu,   m 

some  [  HCl  nil  i  n  ,  1itti<- 

Kl  and  the   I   rto  lih< 
hii. illy  the  chloroform  in  « 

A  three  percent  solution  of  hydrocyanic  acid,  n 

£  a  solution  of  pure  :■■  with  excess  of   M* 

Adding  pemuinganate  till  ;i  faint  pink  colour  remains.     BOO 
of    K('N   in    LSI   ounces  of    water  ("t    40  gm.  in   4cn • 
2 A  ounce*  "t   II*  '1  (oi  7*)  c.c)  will  give  mi  h  ;i  solution.     <  )e 
itri  poisonous  nature  .  I  in  makin 

solution,  and  to  avoid  iv-t  much  ;is  possihlo  tin-  evolution  of  . 
ncid  the  temperature!  must  he    k<-|»t  down  hy   i«  ■ 
i     :  i  i      if  nitn  mine.      If  I 

nrbonutc,   thin  .should    I 
previously  by  BaCl,  aa  otherwise  CO1  will  hi-  liberated  and 
of  HCN  occur,  finally  the  cool  solution  is  rendered  faintly  pink 
with  Rune  [mrmnngnna'tft 

Solution  of  mangnnous  i  hloridc,  made  hv  dis 
>•!  MnCP  i  lll-'i  in  1  ox.  of  warm  water  (or  500  gin.  in 
This  solution   is  need   tr>  prevent    the   lilienithei  of    fa 
from  the  UC1  ill  the  rusalywa, 

The  Analytic:  The  weighed  bromide,  containing  from  1   !•■ 
Br  (0*05  to 0*15  gm.),  w  fh'ewhred  in  half  an  ounce  *  15  cc.)  ■  ■!  tn£ 

red  bottle,   in. I  about  mi  ounoe  [30  r.i.)  of  the  mungiLnerw  m 
addea;  permanganate  is  then  run  in  excess  of  the  required 
OotUe  cooled  rapidly  to  SO1*  P.  (10   «  esing  mixl 

cooled,  the  bottle  i*  shaken  by  a  rotary  motion,  and  about  hnlf  a: 

itronx  lit 'I  !«!uwi\  added,  with  motion  o 
to   dissolve   thi  ie    hydroxide,   ;t  to   (I   dm.    (2     i   re  , 

cyanic  solution  are  then  delivered  in,  the  bottl 
cooling  mixture  for  about  half  an  hour.     Tin 

l;inl  pot&ssir  iodide,  until  nearly  decolor 
of  the  manganic  chloride,  and  then  slightly  coloured  i  i  tree  I. 

Lastly,  the  slight  excess  of  Iodide  is  estimated  by  add 
and  the  titration  finished  with  permanganate.    The  b 

ii  Lifference  between  the  amounts  of  bromine,  repress 

permanganate  and  iodide  used.    If  iodine  h  preui    t  w  h  < 


HUM. 
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m*  bromine,  be  ascertained  bl  KHBe  other 

rocth<-  ktion  in  the  presence  of  bromine 

Tin  raJ    vi-ry  good   results  with    pun   sodio 

unple  "t'  which  may  be  given,     i  >n i 

192    l!r.     1*032  grain   Br  waa  taken,  mid    U>*6 
with  1  i  ■"'  on  iodide  need,  then 

i  Br. 


CADMITTM. 
CM-  111-0 

7,     Tiih  n  he  case  with  many 

pitution  us  sulphide,  and  deeu  the  sulphide 

with  a  ferric  -alt,  the  iron  being  Deduced  t<>  tin*  ferrous  ii 
Lion  t»»  the  amount  of  -ulphide  present. 

La  found   tluil    when   i  ulraiurr    [a   precipitated   as 

le  in  acid   liquids,  the  \>v  >■  ipitatc  is  apt  u<  rainatetl 

i    than  Bidphide  Ui  a  Biuall  extent     The  sepantzoo 

the  hot  liquid  which 
1  ;iiuin,  and  which   *honld  1"'  aculitied  with   10  per 
i  sulphuric  a. id  hy  volume.     From  h; 
Lutions  tii"  u  el  d  is  onlj  compli  I  '-\  sepai  ited  by  ll-'S  when 
ntnins  not   more  than  ~*  pet  oen&  of  arid  ■  •£ 
111.  or  U  ]»i  i  ent.  if  the  liquid  i-  cold. 
io  chloride  \<  \>>  be  preferred  for  th<  dewmpoeitsoB  of  the 
cadmium  sulphide,  and  the  titration  fa  carried  out  pro   -■'■.       in 
i 
(/.  «.  ' '.  w.  nod  technical  process 

for  the  estimati  oi    rinc  as  sulphides,  by 

follows: — 

■        '>f  fine  or  cadmium  i-  allowed  to  drain  upon  tin; 

rred,  together  with  the  fill 

containing  800  e.c.  of  water  deprived  of  air  by  boiliuir  end  the  ]ii.-sage  of 

J  tflix.    The  whole  is  well  shaken  to  break  an  the  precipitate  and 

the  mot»t  finely  divided  roudition  I  the  sulphide 

mtj  not  be  protected  from  the  sotlon  oC  tbe  Eouum  by  MMrtttd  nxlphur. 

i   hydrochloric  ncid  lb  added,  there  being  no  necessity 

md  then  an  ution  of 

irth,     Tlif  residual  frei  I  with  iliinsulphate 

of  time.    The  whole  operation,  from  the  I  «>f  fine 

Milphi :  ^k.  to  the  find  titration,  occupies  about  five  minute*,  and 

n£  between  £W'H  and  \W2  poi  ri  ni,     The  reaction  proceed* 

a  the  equation,  ZnS  ■  2HC1  *  2l=ZnCl3  ,  2H1     9 

,   also  h«  estimated,  when  existing  as   sulphate  oi 
titration  •  »f    the  washed 
The  detail  rioci  -"it  precisely 

oxalate  (■' 

i    S 


VOLUMETRIC    ANA: 


CAXCITJML 

( 'a  «  40. 

I  cc,  &,  pel  0*0028 

=  0-0 
normal  oxalic  add    0*0280 

•  >\,\Y\c  M-\>\   -  I>  -I  M  i  <  ":i<  » 

Double  trou  nil  •  0O71 

Is  48.     Tiik  estimation  "f  call  nun  alkalinietricall)  i 
given  (jS  I"),  bul  that  of  limited  Application,   i 

oxalate,  in  which  foi  i  arated  fn 

be  converted  Into  carbonate  oi  nxide  by  ignition,  and  thus 
determined  with  normal  nitric  acid  and  alkali  This  and  the 
following  method  bj   Henipel  tact  in  thi 

determination   h\    weight;  and  when  ti  have 

to  be  nude,  the  method  ie  rerj  oonvenient 

Titration  with  Permanganate. — Tl  *  with  whi 

this  nii-t  i: 

that  it  can  bi   Applied   successfully   in  u   p 

It  is  not  necessary  here  t"  anter  into  detail  as  t<>  tin  method  "f 

precipitation  ;  except  to  say,  that  it  may  i 

«ir  weak  acetic  aci<J  solution  ;  and  that  il 

remon    all   excess   of    amnionic  oxalate  tat*   b) 

waehing  with  warm  water  previous  to  i 

the  clean  in 

the  bulk  of  Lhc  precipitate  is  washed  through  the  runnel  into 
Altar  u  thee  treated  with  small  quantities  of  hot  dilute  i 
and  n^ain  washed  into  the  flask.     Hydrochloric  acid  in  modi 
may  be  safely  used  for  Lhc  solution  ol  I  since  tin, 

danger  of  liberating  tree  chlorine  which  exists  in  the  uusoof  iron  :  \ 

Titrirm*tkod6t  p.  76). 

When  the  pfed]  solution  i-  freely  diluted 

with  water,  and  further  acidified  with  sulphuri 

and    lln  ■    int..    tin-   UqoJ 

eonrtani  agHaiion  unl  went  pink  tinge  occurs,  pi 

the  case  of  itondardixiiig  permanganate  with  oxalic  acid  | 

In  :,i  :  ■  :    .  can  bo 

-  minora!  watt  !  ore  i  btain- 

able  ;   in   fact,  quite  as  a<  curat  the  ^m\  m 

Ample  testimony  on  this  point  is  given  by  Fn  •  M"lir, 

II «Mi]  jirl,  and  others. 

Tucker  (Irofi^  Nov.  16,   1878)  has  given  the  results  •■! 
experiments   made   by   him   upon  mixtures  ol 
proportions  of  iron,  ti  t»tc.  ;  and  «ven  h 

numbers  obtained  did  not  \  n\  more  than  2  to  .'J  pe  >ni  the 

truth.     In  the  boot  "t"  large  proportions  of  these  suhsl 
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o  us  to  free  it  from 
ntaminutions  previou  tl  ion. 

koi  reoummenda  tin-  method  for  the  rapid  estimation  of  Ca 
m  fun.  ,  by  dissolving  in  09110  rfjtu.  without  iUtorin& 

ig  with  (immonic  oxa  und   then   filtering,  washing 

,.11...  usual.     If  tho  slag  contain  much  monj 

i    d  thi  v  ahouli  <I. 

Indirect  Titration.-- In  1 1  C&1<  i«'  Bttlta  Botabli    in  Wfttei  and 

i  -i  1*1  v  pure  nature,  the  estimation  dj  permanganate  ran  be 
i«  I,  ution  a  m>  anal  oxalic 

itraliring  with  ammonia  in  Blight  excess,  and  baatu 
i-  in  raj  drily  separate  the  precipitate.     The  mixture  is 
Inn  cooled,  diluted  to  a  mi  I     "limn*,  filtered  through 

uid  an  aliquot  portion  titrated  with  after 

:iilih  ■  ■  •  i.l  as  usual  oil -t>  of  calcium 

(Ils  ni.iy  1m-  Donvartod  into  oxalic  by  ■  short  or  tang  treatment 

il  or  amnionic  oxalate,  inclwli  buIj  luite, 

.  etc. 


CERIUM. 

Cc  =  141-2. 

method  <»f  estimating  this  metal  is  by 
irecipitating  u  Dermis  oxalate,  than  *  1 1  ■■■  a,  and 

in  an  open  crucibl  I  into  eerie 

St.. il.. i  ( '/.  a,  C.  xix.  MM)  states  that  the  moist  oxaii 

■  •»"  calcic  oxalate  w  itb  pei  I  i 
iii-l  with  accurate  results.     No  examples  or  details,  however,  are 

CHLORINE. 

Q =85-37. 
i    I   dm,  ft  silver  solution  =  0*003537  gin.  or  003537  gm 

=  0*005887  gin.  or  0-058ST  gn. 

Y,<  I. 

The  powerful  affinity  existing  between  i  blorine  and  silver 
in  solution,  antl  the  read)  precipitation  of  the  resulting  chloride, 

..*  led  ti>  the  ■  ■  process  in 

by   tlie   wet   method  «•!    Gaj 
rhe  details  oi  thi  prow  crihed 

i  ing  to  tli  •  silver  (§  70) ;  the  deter- 

in   of    ehloriiit!   is  just  the   converse1   <>f    the   process   tliere 
ttions,  and  to  a  extent  the 

ri*o,uiivd. 
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VOLUMETRIC   AN  A I .' 


iDveniout  ilihii  i 

In    Ui:in\ 

■fthrti^nr  made  by  diluting  liun  t<<  ] 


1.     Direct    Precipitation    with 


Silver. 


nosilT 
d  chlorine  b 
concent  rated  Ira  en 
unless  a  tolerable  quantity  of   chloride  cau  bo  formed,  il 

addition  of  freab  silver  whether  n  distinct   f 

The  heal  effe<:t>  are  produced  when  the  mixture  contain> 

from  1|  to  B  It  per  100  c.c.     Should  the  prop 

than  this,  the  difficulty  of   |  come  bj  ad  . 

quantity  of  freshly  isms  of 

i\  salt  and  Silver  iroualy,  pouring  "IT  the  <*leap 

and  adding  the  chloride  to  the  mixture  under  titration.     The  be* 

use  for  the  trial  u 

c.c,  nil  ato  a  paper  row,  so  an  to  prevent  acoet 

during  the  analysis.     Supposim;,  for  in^l 

»'hloriile   requires   titration,   20   or  80  r.c.  arc   measured    into 

bottle,  a  few  drops  of  strong  nitric  acid  add)  id  must  al« 

precipitation),  and  a  rouud  number  < 
added  from  the  burette.    The  bottle  is  placed  in 
in  a  dark  cloth  and  rigorously  shaken  for  half  a  minute 

,         lipnn  a  i;jble  or  book,«o  as  ti-  blonde  downward 

fan  me  surface  <if  the  Squid  where  it  often  swims.    A  quick  clarification 

en  of  sUver.    The  Dean  an  to 

more  difficult  to  obtain  a  clear  solution  by  shaking,  but  i  little  pnirih>e*eosi 

accustoms  the  eye  to  di  do  faintest  precipitate. 

In  case  of  overstepping  the  balance  in  any  trial,  it   i-  -»iily 
necessary  to  add  to  the  liquid  under  titration  u  definite  volui 
yjj   salt   solution,   and    finish    the    titration    in    the    same    liquid, 
deducting,  of  i  ourse,  the  of  silver  i 

tolution. 

Fuller  details  and  precautions  pre  given  in  £  70. 


2.     Precipitation  by  10  Sliver  in  Neutral  Solution  with  Chromate 
Indicator  (see  §  37,  2  b). 


3.     Titration  with  J0  Sulphocyanato   isee  §  38}. 

Tiiis   method   requires  soiue   litth 
results  owing  bo  the  fact  that  silver  chloride  slowly  doo 

mIvot  snip!  i 

In  oases  where  i  -  approximately  kaoi 

red  in  8oo  ■-.<    or  so  of  water;  h 
i)  and  10  c.c.  of  nitric  acid  (§  80.4) 
moderate  ex<  d  in  from  the  burette  with  c  ilasiim      The 


klni:. 
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brought  under  the  uilpaooyanate  burette,  and  the  -< 

u'-vomen!  ol'  ili-  1  quia  ituiil  ft  j>orraaneut 
The  immediate  mum;'  ol    the  mutioni  ti 
a  order  t«>  pi  bntod  udfihth 

itc. 

If  tin  in  l-  totally  unknown,  <l  aft 

: — 

Dilute  Iho  folution  and  add  the  indicator  and  add  II  above j  but  during 
the  addition  ol    the  silver  solution,  add  from  a  burette,  ready  Ittled  with 
(nip  it  i wo  train  time  in  time.     8n  !on^  :i-  there  m  chlorine 
Jour  disu]>pi*;ir*  tdmvly  end  gradually  ;  l>m  wb< 

ilion,  and  the  liquid 
.-  t-  ..!  u  |nir».'  milk  w  ,.  tot  will  be  in  exceas.    The  titm: 

Tli"  roJame  af  >ul|di<i.\. unite  uj-ed,  LncJudi] 
addition  of  the  sUvei  I   iruui  the  ■," 

will  ehow  tin  latter  nen— ry  far  piwiiuilating  the  nolonzn 


I-    By  Distillation  and  Titration  with  Thiosulphate  or  Arseuite. 

chlorine  \-  evolved  diiecl  in  ii;i  gaseous  Conn  or 

the  i  itiv«  of  some  otln  r  bod)  (sec  ^  35),  a  very  useful 

-  shown  in  h^  29.     The  little  %  ia  used 

a  distilling  vessel,  connected  with  tin-  bulb  tabes  In  u  indu- 
■    u   stopjw  rs  for  the  1  o  of  the 

wluch  should    be  cleaused   £roxn  sulphur  by 
»ilUi>;  in   weak  allc&lL      A  fragment  ol  ootid  magnealte  may  wit.li 

i  !    li'|iii>l    in   the  distilling  Husk  ;  in 
I   ..tin  the  jM"''—   is  conduct-  as  is  described 

This  apparatus  is   squally  well  adapited   i>>  tin*  absorption  of 

i-«  ?t,  ami    |' 
el\  -i  [n(twibiilt>  of  regurgitation, 
Mohr'e  apparatus  (fig-   30]  o  squall*)  serviceable  f<>r  this 

tutliod. 


CHLORINE    GAS    AND    BLEACHING    COMPOUNDS. 

1  .-.,  ,.u-  ni  thioeulphate  solution  =  0*003537  gm.  CL 

]  H  tor  of  chlorine  .it  0  ('.,  and  70"  i  5*167  gm. 

•>k  water  may   be  titrated   with  tliiosidph.it"   by 

it  I-  ji  solution  of  |>otassic  iodide, 

dphatc  from  a  btuette  t.ill  the  coloured 

I  ;   >>r  by  using  nn   excess  of   tin* 

nt,  tht-n  starch,  and  I  inlly  with  pj  iodine. 

-n  l-  nfiod  for  titration,  the  chlorine  water  is 

ti.'li     of     Hnlie     <  alholnit.',     I'Xn-.SS    of     lirrtCJlic 

Ua-rabber  and  ■ncciaUj  vvlcaniied  *nW*ir  U  open  to  •nmi?  objection  in  tbase 
not  apparatus  ii  now  rratlU)  lo  W-  bod  wiLb  g\tu*  coimoct.ioua. 


VOU'MKTIik'    AXAI  > 


I    ■ 

iodised  standi  i 

Bleaching  Powder. — The  chi  ice  vt    importance 

i      adfi  m|    hypochloxoi  Hal  chloride  uf 

Lime.     The 
Do  difficulty  when  arsenious  anlutiu 

i  ommercia]  Idowhing  powd  i  i  mixture  in  \ 

propoftioofl  "i  i  oleic  hypochlorite  (the  true  blcachij 
chloride,  and  hydrab  ;  a  i  I   ■  ■ 

arable  quantities  of  chlorate,  due  t<>  imperfect  n  ■ 
i  method 

.  the  chlorate  being  recorded 
loteo.     It  ie  generally  valued  and  aold  in  thi 
percentage  of  chlorine.     In  France  it  i*  sold  hy  dej 
from  the  Tolumi  iiua  chlorine:    100°   French     31  i 

cent  English 


1.     Titration    by    Arsenious    Solution. 

The  lirst  tiling  to  la:  dime  in  dutcnnuiiiig  tli 
t»f   Klanffhing  powder  is  t"  bring  it   into  solution,  which   i 
in. in.:  toWl : — 

Tin-  sample  Lb  well  nn-i  uuicldy  mixed,  dud  717  gm,  weighed,  pul 
mortar,  a  little  water  added,  and  the  mixture  rubbie 
don  eater  i-  then  stirred  in  with  the  p  i  tittia  whue, 

then  poured  «>ff  into  it  liter  1lusk;  the  nn  rabbed  wit! 

'    >ff,  and  so  on  repeatedly,  until  the  win  hai  bwt> 

oonvayod  into  the  flask  without  loss,  and  the  mortar  washed  <juito  clean. 
The  lli*k  if  then  filled  to  tlio  murk  with,  water,  well  shaken,  and  60 
the  milky  liquid  taken  out  with  :i  pipette,  empti  beaker,  and 

unctuous  solution  delivered  in  from  a  burette  until »  drop  "1  the  mix  tan 
taken  out  with  n  glass  rod,  uud  brought  in  coutact  with  the  pre] 
bhte  si.iin. 

The  starch-peper  way  be  dispensed  with  hy  adding  ai  utioo  In 

exoeas,  than  starch,  and  titrating  rcsidually  with         ■  !        till  the  bin? 
colour  appears.    The  number  of  c.e.  of  ai 
of  available  chlorine. 

A  more  rapid  methyl  rjiu   be  adopted   in 
baa  to  !*•  tested,  as  follows;— 406  gm.  <•!    pu 

powdered  and  dissolved   U\    tli  about    15 

glycerine,  then  diluted  with  water  i<>  1  liter;  25  c.c.  ai  '  into  a 

Husk,  mid  1  I-  '  iddcd.    The  turbid  solo  lion  of  bli 

powder  is  poured  into  u  suitable  b  .     ,         ,  . 

•lam  shaking  into  the  blue 
colour  is  just  discharged  ;  the  percentage  of  chloi 
i»lculaln  n 

2.     Bunsen'a    Method. 

10  or  20  c.c  of   the  chloride  of   lim-  solution,  i 
i  and  an  tv 

the  mixl  ■    diluted  somewhat,  acidified  with  hydi 


HLturiUNt;  i-oniiKi:. 


line  til  thiosulphate  and  rfaroh  j  l  eq.  iodine  w 

chlorine, 
iliugly  ready  method  ol         matin     ehlorint,  but  in  coses 
liloriix-  in  it,  IS  (roll 
bul  u  the  chlorate  i-  ui   no  value  in  I 

,     powdor  by  means  *>i  arsemous 
The  amount  o  onn  always  be  found  l»y  toeing  the 

llvxls, 


3.     Qttsometrio    Process. 

method  has  Ikm  ii  -I  v  isod  l«\  I .  i  _.■  |  B  ■  ■■■  hi  -.  868k 
'.  /.  ix.  22)  and  is  both  accurate  and  rapid.  Tin- 
used    fur    flu     analysis  i   ferably    the    h**w — $&* 

.  ih  latent  tojj  and  bulb  (eee  Part  VII.),  which  permita 
i   Larger  weight  <•(   the  sample  than  the  ordinary  54 
otcr.     In  lioth  instruments  fur  this  clnss  of  ajtalyaiB  ordinary 
tup  water  may  be  used,  hi  nry,  with  equally  h 

ilia, 
"Tin*    reagent    used     fi»r   the    <lecom|x>sition   .«f     the     bleach    i> 
ruxiile,  ami   fcli  i    i-  CaOCla  +  H*Os«CaCl1  + 

L*0+0*.     Lunge1*  directions  tre  i    follows: — 

essarytoknow  the  exact  oorapositi  gtfregea  peroxide, 

excess  of  it  in  this*  oaaa,  it  is 
<t  i.»  estimate  it-  pore  a  few 

in  wltirh  a  eertain  vnlume  of  H^O*  is  deeon 

i   tin-'  titration  "f  ih»'  latter).    This  need  be 
_ lil v.    Far   i  ■  imi  the  hydrogen 

must  bt!  diluted  befon  use  bo  a-*  not  to  give,  out  Boon  than  7  «:.<■.  <•! 
ud  it  must  be  made  alkaline  by  means  «»i 

irs.     The  nil 
ought   to  ii  tinut,  but  any  great  excess  of  alkali   should  bo 

.  shako  much,  and  the  reading  ought   to  be 
liquid*,  otherwise  the  results 
nigh  owing  to  the  gradual  evolution  of  more  oxygen  from   the 
It   mi^ht    be  though  such  a*  are 

rU  ting  corauierc:ial  bl  owder,  would  yield  Ion 

rasultf,  the  ivouring  the  evolution  of   ongm  botn 

rough  the  action  "t  CaOC!*;  but   tlii-.  i*  not   so; 
rometer  just  as  well  i&  clem 
port,  provided  the  tun*  ii  uol  exceeded.    As  tin-  read 

ol   temperature,  that  time  will  quite 
ivoided  raising  the  temporal 
voice  be  ■  m  do  bj  handling  it  :itv%.*\ •»  by  ti  ■ 
only. 
'  ;.-r  to  ilud  the  peroeni  chlorine  by  weight,  that  i-, 

il   thonld  be  borne  in  mind  that  i 
.  \  i       0*003169  gm.  of 

1  quantity  employed   is  =  1   gm.    (fur 

dissolving  20  gin  .  ami  employing 

iiinu    for  each   test),  each  o.c.  ol    gas  is =03167  per  oeni  of 

;  i.  ti-.'  ..i  u  bulb  nitrometer 

140  or.    It'  only  q  60  e.e.  instrument  is  at  hand,  it  will  be  necessary 

ol  the  flrst-uu'iitio  etolution,  in  which  case  over) 
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■7        5H  *1  con- 

rut  tra  erf  blotch 


uuJ 


vin.-n! 

employinjE  lO&e  of  iiiv  solution  for  0u< 

i  iv  iiHiinrtfl  i  per 
nitrometer  ihouH  Ik-  u 

Tlif  general  method  uf  inruii] 
m  Part  VII. 


CHLORATES,    IODATES,    AND    BROMATES. 

Chloric  .nil,     rid     C1*0  nclfiO-7-4. 

BMmic  .mhy.tri'lr.  !:,-■ '■  =  ;•. 

The  compounds  of  chloric,  iodic*  anil  bromic  niihydri'li 
lh-  detenuine«l    i,v  di  i   digextion   with  i 

chloric  acrid  ;  with  <  I ,    :  i   acid  ma 

Mii'-raUy  in 

In  I'.i'h  Bttse  I  •■<(.  of  the  respective  anhyd  atouu' 

]•  their  einii]H-un'lH,  libenM ■■-   f.  ,.,    ,,|  chlorine,  iuul 
quently  0  etj.  "i  iodtue  when   d  I    in  tit"   dij^tion 

In   the  ease  i-f  distillation,  however,  iodic  and  \a 
set  free  I  eq.  iodine,  while  todoue  mid  lmmioua  chloride* 
the  retort     In  both  thesi 

ExmmpU :  0*2043  gin.  pure  porto*M  •  chlorate,  equal  to  i*rt  of 

i :,,',  -r,  n|.,«w  deoo  Irjr  digestion  wiih  a   «m1   *imnx 

wUofic  aeid  in  ;!»>■  bottle  known  in   (i^*.  2S.     After  the  read 
complete,  and   the  bottle  >er  wiw  removed,  unil  the   ■■■ 

out  into  :i  beaker,  (*tarch  added, and  103 
i-i  Drom  ill*-  b  '  ■  ■  of  i"0  iodine  loUitioa,  t*>  reproduce 

ih<-  blue  ootour;  (bii  latter  m  therefore  equal  to  2"32  cue.  ni  i 
deducted  from  the  103  <■.<•  thio-ul;!i 
the  factor 0O02U43,  gave  0*9056  jm.  instead  of  02048  pn. 


CHROMIUM. 

fi  =:>■.»■  I. 

1.      Reduction    by    Iron. 

timntion  of  eln atee  i>  verj  *im] 

fully  in  rfonucd  l.v  tin-  .iiil  of  ferrous   Mulphuti*,  being  the  o 
of    tin-    proccee    devised    M    IVnn\    for    tin 
SI), 
Tin-  best  plan  of  procedure  U  n*  follom  ; — 

y  fmaJl  beaker  or  other  convenient  vessel  is  parity  or  whi 
may  be  requisite,  witb  perfeetl,< 

hiiimonm :  tit*-  cjcood   weigh!    then   taken  and   noted.     Fne  chromiun  eon* 
pound  is  br<>i<  n,  not  loo  dilute,  acidified  witli  pulphiu 

■ !  e  iron  rait  added  froru 
taking  oaro  that   none  i-  spilled,  until  Urn  mixture 
oirn  by  a  mud]  drop  br 
red  pnwsiaie  ol 


5  52. 


CRBOMII  M. 
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a.     It  is  oeooasu 

.   . 
Muf  blue  notour  iiroduosd bj  contort  with  the  red  prumate  dittikjipuir*.     The 
vo»cl  •  oiniin.L..'  ill*  irt'ii  i;  If  btfM  weighed,  til*  km  noted;  the  quantity 
salt  re|irr*'  it,  nrnl  Ibe 

rrnt.-ini.l.  r     pin !'  i|.tio!     bl     Til-.      PlOtOT    ■■..j.liivil     bj     til.-     nMlBM    :-.-ii:.'1l"  . 

A  (reahlv  ux<  ion  at  iron  alt  ray  be  used  in   pboa  «>f  tin- 

dry  «1l" 

ffiiimj fr     0*5  Kin.  pan  i-ulaswc  bichrmn  iu-  mil  t:iknn  for  analysis,  nud  to 
it*  twid  ntntion  4*1  ible  iron  salt  ailded.     3*3  c.C.  of  ,*fl  biofaroHMDB 

B  ihp  mcesw  of  iron  nalt :  it  tvhm  Eound  tlint  0*7  pn.  of 
the  ml'  lequantiy  8 

ill',     Us.  .1 

which    iiiulLi[»Li&d  by  U  1255    irave  0504  kui.  insl 


In  :i  :  Load  ilivuiu.it--  being  oatiniatod  in  this  way,  it  ia 

i   together  in  a 

■  to  |towiler,  adding  hydro  tilnrii   lu  id,  stirring 

then  diluting  w  itb  water  and   titrating 

When  ible  iron  salt  is  nol  tri  hand,  a  suiun.rn  ,,i  iron  wire 

:.  freshly  made,  antl  of  ascertained  maybe 

2.  Estimation  of  Chromates  by  Distillation  with  Hydrochloric  Acid. 

When  ehroiuates  are  boiled  with  an  exoaaB  of  strong  hydrochloric 

tut  l  ti^.  _'»  or  30),  >  \<  i  v  1  . -j.  of  chromic 
|.  » hU-mie.   K«»r  instance,  with  putassic  bichromate 

v  1m*  expn  >]  low  - 

kVr-<  i-  -  i  ma=2K(  a+cwi-3 1  rro  i  -  kl 

conducted   into  .i  solution  of  potassic 

iodide,  3  "|-  ul  l1   can   he  estimated   bj    & 

tluoenlphate,     •'»    <-<j.    of    iodine    bo   outaiuod-=379'5 

irprttgi-iii   I   eq.  chromic  neidWlOO'40.     The  some  dfieompomtMai 

■  i       ribed  in  §  35. 


3.      Chrome    Iron    Ore. 

i  oil*    saiu]  i«li,  while 

iir.iiniiiin.     hi  all  cnaoi  the  sample  i^  to 

tin*  |*owder.     About  s  gram  is 

il   title  raid  i  then  finished   fractionally 

meads   that  the  coarse  nowdei   should  he 

|Ht\vd**riiiK  with 
i   *houlil    In 
lined,  aii<l  the  coarser  ]>    I  rncd  I"  the 

.  i  indin^. 
tit  iinalysis   ii  should  he.  ngnin  ignited,  and  the  analysis 
in]  tie. 


l ;.»; 


roti  ■ 
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O'NelU'a  Froceaa.     The  rery  finely  powdered  a  -1   with 

ten  times  Ita  weight  of  potaario  bimlphaU?   lor  twenl 

does  in. i  r  i 
i-*  txnoptete,  the  molteo  niaa*  is  caused  to  flow  over  ti  - 
*x)ae  to  prevent  the  formation   of  a  ^olicl   lump,  and  Lli 
cool     Tli--  mass  w  transferred  t«i  a  porcelain  dish,  and  lin  . 
watar  until  entirely  disolved  (no  block  residue  run 
..!••  i>  nnt  completely  decomposed) ;  eodii 

liquid   until  it    is  strongly  alkaline  >n  a  tilter,  wuhed 

slightly,  and   the    Biter  dried.      When    perfectly   dry,   the    p 

i  I'll  :i»  possible;  the  • 
tho  ashes  iin d  precipitate  mixed  with  about  twi 
ocigUM]  ore,  of  a  mixl  i 
Hodic  carbonate,  and  fusel  in  :i  platinum  crucible  for  twei 

tiling  man  La  then  treated  with  boiling  water,  filter 
titrated  for  chromic  acid  as  in  §  52.1. 

Tin*  ferric  oxide  remaining  on  tit 

"f  the  methods  de  i        i9  and  00. 

(6)    Britton'a  Proceee.— Uciu.v   the  minonl   to   the  finest   state  of 
:   poarible  in  mortar.     Weigh  off  0*5  gn 

t-  en  <>r  Buz,  previous,  composed  oi  one  pari  pot. 

mid  three  parte  ioda-lune;  thoroughly  mix   the  bums  by  tntu 
porcelain  mortar,  and  then  ignite  in  a  con 

red  beat  for  an  hour  and  a  half  or  more.    20  mi  nut  i  mt  with  tire 

aa  blowpipe.    The  maw  will  not  fuse,  bu1  w] 

tlie  amoiblfl   ■  entle  tap*,  leaving  the  interior  of  the   vobm 

-ht.    Triturate  in  the  moiif  d  turn  tho  powder  ml 

tkor,  and  add  about  - 
minntoi;   when  cold,  add  IS  cc,  Df  IK'l,  and  stir  wttl 
the  solid  matter,  with  the  exception  pr  flake*, 

i     olved.     Both  Hi.  i  QTomium  will  then  !>>•  in  the  highest 

ition — FesO>  and  Cr'O8.    Pour  the  fluid  into  awl 
dish  of  about  2D-o  .  and  dilute  with  washing  or  lh< 

about  3  ox,     Immediately  after,  uhto,  add  cautiously  I  gm.  of  m 

•ii  purity,  or  an  equivalent  quantity  of  double  iro 
dissolved   in  dilate  sulphuric  acid,  and  further  dilute  with  i 
about  5  oe.,  to  makeup  tin- volume  in  the  dish  to  a 
with   ,",;   permanganate   the  amount    of    ferrous   oxide  The 

di  Hereon    between  the  amount  ol  iron  found  and  of  the  iron 
l«p  the  amount  oxidized  to  scsquioxide  by  the  chromic  acid.     Ii 
so  oxidised  will   represent  0*820  of  Cr  or  0'4i  i 
whiob  taat  Bondltlos  she  mbetanos  usually  exists  in  the  ore. 

If  the  amount  of  iron  only  in  tit*  ore 
Mill  shorter,     After  the  flux  has  been  ignited  and  rediwed  i» 

powder,  as  already  directed,  di  an.      hoi   water 

md  thru  15  ■■-'  .  "t   IK'l,  continuing 
incipient  boiling  till  complete  deei 

immersing  the  tube  in  a  buth  ol  cold  water,  add  pieces*  of  puri 
nifficienl  to  bring  the  iron  to  the  condition  of  protoxide  ami  the  chi 
to  sesquiit\idr.  and  apply  heal  till  smalt 

sine  has  become  quite  (Unsolved;  then  nearly  till  the  tube  with 
acidulated  with  one-tenth  ol  sulphuric  acid,  and  pour  tin 
"ii  dish,  add  up  the  volu 

i  q  operation  with  rton  ante. 

I      SelTa  Froceee, — This  Method  IS  u1 


157 


...  and  b  i  rig  the  iiti-']>-  ground 

Lie  bisulphaie  and  fluoride  in  the  proportion 

I  mil    2    nioL    fluoride,    and    subsequent 
'  i<l  h\  standard  thioeulphate  ami  iodine, 

0*5  gnu  of  the  ore  i-  placed  on  the  top  or  ten  time-  Lta  weight 

mentioned  mixture  in  a  large  platinum  ornoible,  and  Ignited  for 

iodic  buralphftte  in  then  added  and  mil 

with  a  |.l:iiiiium  wire;  then  a  further 

[iiitv  of  trisnrphata    added    In    the    auu  way.    When    eomplete 

sition  In-  ooourred,  the  mass  is  boiled  uiili  water  n<  i»Inini*t|  wiih 

ilpb-iiri  olutioa  diluted  to  .i  definite  volume  aooording  bo  the 

uiiity  of  arc  original))  taken. 

lire  tli<'  oxidation  of  all  the  chromium  and  iron  previotu  to  titration, 
i  ilw  solution  is  heated  to  boiling,*]  ■■  ranato 

pemunenl  red  colour  ooourn.    Bodio  carbonate  is  then  added 
mil  xiili'  ii'ii  alcohol  to  destroy  the  excess  of  yn'rnrum  i 

ift  then  filtered  off,  and  the  clear  solution  titrated 
and  iodine. 

Tli'"1  that  the  analysis  <-f  an  ore  by  this  method 

in  "ii-  hour  and  a  half, 
of  salts  of   chromium,  tin-  same  authority 

t-i  which 
led   for  15  mihiti'  -. 
ml   oxidation  of  chrome  iron  ore, 
ittiuitr  n'v'tnin, .-mis  a  mixture  of  two  pai  Bassa,  and  one 

i\  a  li  i'«'.     These  arc 

gether  in  a  platinum  crucible  until  all  effervescence  i 
mred  out   into  n  large  platinum  basin  or  upon  a  clean   iron 
•,  and  preserved  for  use. 
Ten   ports  of  this  n  used   for  one   part  of  chrome  ore, 

nl  the  fusion  made  in  :i  pbitinum  crueihle,  «  lowed  for  the  tir*t  five 

. )  minutes,  fmptently  stirring 
win  wire,  and  using  n  powerful  Bunsen  Hanie. 
The  gas  blowpipe  hastens  this  method  considerably. 


COBALT. 

5ft 

Estimation   by  Mercuric   Ondc  and    Permanganate  (Winkler). 

ipteous  solution  of  cobnlUms  chloride  orsulpluite  bo 

ivided  mercuric  oxide,  no  decomposition 

bill    on    the   addition   -<f    |ienuaiujituate    t<»  tliu  mixture, 

■dritrd    eolioJtie  and    mnuganie   oxides   are   [irecipitnted.       It    is 

definite   funiiulii     .m   he  given  for  the  reaction, 

Lctieally  the  working      "i  n£  the  |Hirmanganate  i> 

t. lotion  uf  cobalt  of  known  strength, 

halt   'Unsolved    as    chloride,    or    neutral    eobu 
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I— ftMi>j  Tin*  -i>lu(i<iri,  trvts  from  uny  groat  exeo*»  ut  m 

curio  oxi  ;       or  perch  loriilr  by  oika!- 

i  rum  ;.  buret 

Lng  until  the  rose  oolotir  appears  i 
Iky  brownish  pn 

Tin-  appearance  of   the  mixture' 
beginning,   but    aa   jiuhv   [Hmimuguunte    is  uddi 
settles  ruun  ml   the  erni  a»  it  uppr":n  I 

uiaheiL      Tin-    final    ending   is   * 
pcrsifftcnt  Gor   i   miuutc  or  two;   riulwe<pien1    hi 
lad. 
Tin-  actual  decomposition   as  1  ■-   aulpluH 

fulliiul.it' 


-■>'  i  .-.ll-M  *  ■_'A.lnI<n>_  K-S(H  f  :»II-Si 

.    .lrrt.lupnsit.ioh  r.i:n  ■■■      '.       I.  ]M-M«lfil   UJ« 
llg,    it     W    IKll    pOStfihlc  to  ;ni  |»] 

calculated  from  normal  nlatione. 

SolutJODfl     rohiaii.in .  ,     phoapl 

chlorine  "i  i  uinpmuult tic  matte 

in    this   Mtimation ;    mod  tea  of    nickel   ate   of    00 

coneequeDet . 

Norm  an   McCulloch  (('.  A*.  li\.  51)  has  |»rnvi 
oxide,  aa  cubalticyuuide,  is  ;t  stable  comjHmud,  ami  in   I 
tliis  bet  to  BBtebliflfa  h  process  which  gives  v*-n  good  re- 
conversion "f  cnhulbx'ynuido  t"  the  higher  state,  of  "\.. 
estimation  of  the  oxygen   being  the  measure  of  the  r 
The  method  is  exact  in  the  presence  of  nickel,  nnniflauiai 
arsenic,  rinc,  antimony,  uranium,  etc,  hut  not  in 
copper. 

'['In-  standard    dilutions   ntpriieil   mv   tl nlin 

bichromate,  1  c.c.  of  which   roj  re  i  nt     0*0059  gm,  oi 

grn.   uf   Co,   ami   an  acid   soluti f   amnn 

whose  strength  is  known  hy  titmtion  with  the  bichromate.     Tfc 
is  also  required  it  5  per  cent  -  '   pure  jmt 

ition  of  uiekel  Bulph 

The  apparatus  required   muy  In-  simply  n  1_  dz.  Hank,  i 
ole  stopper,    uue    for  r  thistle    fuunel  ami  the  < 
escape  for  vapour.     Tin-  mouth  of  the  fuunel  should  U 
constricted,  and  the  lower  end  must  dip  beneath  tl 
liquid  iu  the  Hask. 

Thr  Ajw?4f*i*  :  Tlieatantlanl  bichromate  ruul  cyanic]  ■uvrywl 

in  their  primer  quai  be  flask  abnvftdeseribeil.a  few  drop- 

■dded  for  ■ubaequeot  neutral  u»t  ion 

i  -sirv,  tii  a  n)  I,  ti  ilk  uilh  v,  . 

The  nmuunt  of  bichrom*ite  tttken  iiw.il 
requirement  for  tl  <  :  robable  mi 
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i  to  soluble 
mcta  other  nreaenl 

i        nrk  and  thistle-funnel  are  no  in  position,  and  th«  solution 

exfrel  nir  from  the  (buik.     The  hoi  wlution  to  bt  i<-: 
ilk  ami  not  from  oxidising  or  redu 

Idcd,  and   the  en»uing   reaction   h   insbantu 

the  conttnu        i        i    the  nark  and  thistle-funnel   in 
■ 

.itiMii-ly  treated  with  en  bm  "f  :i 
i  ition   of   ammonia   chloride,  nod   the 
i  for  about  ten  minute*  lotuj  i  cpel  rolatiie  cyanide 

tton  mber  or  in  n  draught  of  lir 

the  eattmation  of  non-reduced  ahroaiii 
ferrous  *ilt.   to   throw  down  soluble  ooheltooynridfl  and  deoon 
kel  cyanide  by  the   Lddition  d    nickel  Hue 

formation  of    ferrmu  i  uid   double 

cyanide  of  iron  ami  niokel  raepeotiveli     oompmndi  (hffloultly  nlufate  in 
cblute  acid  — and,  conaeque  amilte,     To  affoel  the  abo*va  ppaoipHotioii, 

a  weight  ol   nickel  i  nil  to  that  ol  thi 

ajrlatrnt'  in  the  coutcuta  "f  the  Bisk,  but  it  laoreeoie  and  phoaphorio 

irepn-  orrad.     Simply,  tin* 

solution  further  pro  armed,  or  until  the 

precipitate  i>ettles  in  a  peculiar  manner,  to  be  Known  by  axperienoe;  great 
oxom  of  nickel  u  aded,  which  would  tend  t<<  LUterfefe  with  the 

operation. 
n. .u   pxured  into  exoeaa  of  a  hot  nqueou* 
ill  contained  in  a  basin,  acidified  with  ft  few 
lirdroohlorio  acid,  and  titrated  with  biohronnte  in  usual  way. 

calculated  b  ing  tho  difference  between  the  number 

n  at  the  outael  of  the  estimation  and  thai. 

■nd  correcting  this 

'i-  reducing  action  of   the  potaaaic  oyaj  ide  and  its 

i  itc.    In  the  author's  in  wu  token 

i.>»t,  and  it  Wei  doomed  suJBciently  oear  to  aooopt  tin  reducing 

i"  as  simply  proportionate  t« ■  the  quantity  of  thifl  re 

ilthough   it  is  not  altogether  independent  of   the 
!,  the  degree  of  dilution,  length  of 
■na of  boutng. etc.    TherexuM  showed  that  100  dm.  of  the  bichromate  ; 
»w  minute-  with  \l*  own  bull.  .  and  then  foraboi- 

more  with  ■■  exceaaof  una* 

i.  which  waa  deducted  from  tnd  <>t 

by  thy  cobaltocyanido   in  lions,  nam* 

lit'lli  of  tin*  for  25  or  30  dm.,  and  so  on.     It  i-.  oj 

i  accuracy  is  desired,  to  determine  the 

:.    blank    experiment,   and  (    also    tho 

■■!  lilt. 

t  to  aoparate  iron  as  well  »  copper,  mid  in  the  case  uf  ;i  euk-ilt  on 
I"  in  aqua- itu i  u  and  eroporate  t..  di 

i   i>\   two  or  three  evaporutiona  to 
I,  and  the  copper  precipitated  froni  the  solution 
In  the  filtrate  from  sulphi 
by   the  aeeti      ol  nethod,  and   the  iron 

1»  re-,  similar  wav  I o  separate  any 

"  porti  umbinod  Filtrates  from  the  acetate  prvcipit 

•orated  to  convenient  bulk,  mid  tho  excess  n I'  acid  ueuti 

The  tohitiun  >■■  obtained  would  then  Ik-  added 
I]  ■]  alMive. 


ICO 
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Exnmylr*  :    1  24  grain  < '*»►   taken  raniaur 

It.     1     I    I    ('ll 

I   wan   Ip]  dm.     1*12  ltm.  Co.     Equal! 
with  mixtures  of  manganese,  lead,  ai 
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Factors. 


ohitdon- 0-0063  gm.  <  u. 
[too  x  1-126  Cil 

Douhk  [ron  Suit  x  0*1607     I 


Reduction  by  Grape  Sugar  and  subsequent  titration  with  Feme 
Chloride  and  Permanganate  iSchwar*  . 

I      This  process   is  Imsnl   iijmui   thr   i.i 
precipitates  cuprous  oxwle  from  un  alkalim-  soJui 
continuing  I  "i'l  ;   tin-  nxiilc  *n  old.  lined 

mixed  with  ferric  chloride  nm!  hydrochloric  iu*id.     T 
the  following  decomposition  : — 

i'u-(>  I  !■  •  I    K2HC1  I  ;-  rll'u 

Kuuli  ni|uivuk'nt  uf  cupper  ivdim^ ipiival 

. -lili-ri»|i\  wliirh  is  rKtinmt"  i|  li; 

Tin*    !!■    I  I   ■   I    ii'"l    I-  l    '1'  -  -■  1  -  H  « ■  ■  I   ill  to  r.  -J»[MT  liV    111"  n*.|', 

Tit  Ana  I  if  ma :  The  weighed  siilwlnnee  is  brought   into  *du1  i 
or  sulphuric  arid  nr  water,  in  :i  porcelain  disli  nr  flask,  :nifl  m< 

qbi  saturated  with    radio  carbonate;  neutral  |  :•  tb» 

add)  'I  in  not  ton  large  quantity,  nnd  the  pm 
:i  oli -ir  Una  fluid  by  adding  caustic  potaiab  or  iod:i  m  i 
next  1  itaously  to  aboul   601   C.  in  the  water  Iwth,  anil  «iffifla* 

n;.-;ir  added  to  precipitate  the  copper  present;  the  In 
until  the   proripitnle  is  •  >!     i    bright    red   colour,  and   the  np] 
brownish  «t  the  edges  from  the  notion  of  the  alkali  on  Ll  !jebntf 

iiiii«t   nevi  il  i'U    *,'.      When  the  mixture   has   eonirivhal 

upper  fluid  is  poured  through 

brought  on  i  .|  washed  with  hot  w.-itor  till  thorough) 

preoipitate  which  •■■        ■  I  i  re.  to  the  ii 

tiller  containing  the  hulk  of   the  protoxide  put   with  it,  and  an  exoa*  U 
solution  of    ferric  chloride   (!nv  Irom    i 

tier  with  a  little  sulphuric  arid  ■  tin  ! 

until  the  cuprous  chloride  is  nil  (liwmlvrd.     It  is  II 
-i/.-f  flank,  the  old  and  new  tillers  h  in-  both  well   \\  :edied   will 
which  at  first  a  little  free  sulphuric  iicid  should  be  adi 
certain  of   dissolving  all  the  oxide  in  the  fuld>  ol    Hut  jciint       1*1 

i  i--  thou  titrated  wiili  pormangn  hrotuftr 

ilso  be  used,  but  the  end  of  the  reaction  U  nol 

iin  turbidity  produced  bj  thi  pper. 


Reduction    by    Zinc    and    subsequent    titration    with    Ferric 
Chloride    and    Permanganate     Fleitnian  n  . 

The  olution,  free  from  nitric  acid,  liiKimn.Ii.  ox  learj,  is 

dpifc  I  pure  zinc;  the  copper  collected, 

»Ived   in  :i  mixture  «»f  ferric  chloride  and  byrrro- 

M-i-l .  ;i  tittle  iodic  carbonate  mar  bo  Added  to  expel  the 

liou  ig — 

Ci  I     -K^iGP+SFeCa*. 

Win  I  dissolved,  the  solution  b  diluted  and 

nermnngnuatu  :  56  !•'■  =31*5  Cil 
If  the  0  Lutittn  contains  nitric  acid,  bismuth,  or  lead. 

position   bj  sine    musl    take   place   in   an   omnaoniaoai 
lution,  from  which  the  precipitate  i  of  the  above  metals 

ed  by  filtration  ;  the  rinc  must  in   thin  case   be 
■ly   divided   and   the    mixture   wormed.      The    copped    is  all 
when   the  colour  --t  the  solution   has  disappeared.      It 
hoi]  first  with  hot  water,  then  with  weak  II<'I  and  water  t<i 
i  with  water,  and   thi  n  dissolved   in  thi 
ferrir  chloride  as  before 


3.      Estimation    as    Cuprous    Iodide     E.     O.    Brown). 

d  "ii  the  fad  thai  ,    .,    ,  ..i  . 

■  opper  b  'inn,  i  aprons  iodide  is 

lirty  white  powder,  and  iodine  set  free.      II  the 
then  immediately  titrated  with  tbiosulphate  and  starch, 

iling  tp.uuitity  of  copper  is  found. 
dution  r>f  the  metnl,  it  it  contain  nitric  acid,  i-i  evaporated 
til  till  the  former  is  expelled,  or  the  nitric  acid  is 
Btralized  with  sodic  carbonate,  and  acetic  acid  added  ;  the  sulphate 
Ution   must  he  neutral,  <>r  mdy   faintly  acid  ;  ex< 

hi'    ;i-  i-l    must  be  ali-i  iu, 
iiount  «'f  iodini 
ble  to  get  rid  of  all  free  mineral  acids  and 
rk  on)  icid. 

tanrl  (J,  S.   C.   /.   \.   *'l),  who  lias  had  very  large 

mining  •>   \  n    tj   <■[   copper  prod  tronglj 

-  f<-i  the  estimation  of  copper  in  its  various 

T  may  very  conveniently  be  separated  from  a  hot 

ihuric  acid  bo]  Jphate:  tbisgives  i  fiocculent 

ixed  with  sulphur,  which  niters  readily, 

ran  be  washed  with  hot  water.     Arsenic  and  antimony,  if 

m   precipitated ;  tin,   zinc,  iron,  nickel,  cobalt,  and 

■   cipitated.     On   igniting  the  precipitate  most 

tphui    i«  i  xpelled,  an  itnpuri' 

«j »<■  i    being  left.     Sulphuretted   by<  ty  of 

il  ut  the  tbiosulphate,  liut  its  use  is  objection- 
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able  to  many  operators.  Kioh  copper  ores,  matte,  or  precipitates, 
are  dissolved  in  appropriate  solvents,  and  a  quantity  representing 
about  0*5  gm.  Cu  taken  for  analysis.  The  metal  is  separated 
either  with  thiosulphate  or  H2S,  the  sulpiride  dissolved  in 
nitric  acid,  evaporated  with  sulphuric  acid  to  separate  lead, 
diluted,  filtered,  sodic  carbonate  added  in  excess,  and  then 
acetic  acid  to  acid  reaction.  Cupreous  pyrites,  burnt  ores,  etc.,  are 
taken  in  larger  quantity,  according  to  their  contents  of  copj>er,  and 
treated  in  the  same  way ;  or  they  may  be  calcined,  dissolved  in  HC1» 
the  ferric  salt  reduced  by  boiling  with  sodic  sulphide,  and  H28 
passed  through  the  cold  solution:  the  precipitated  sulphides  are 
then  treated  as  before. 

Standardizing-  the  Thiosulphate  Solution. — This  is  best  done  on 
pure  electrotype  copper,  dissolved  first  in  nitric  acid,  boiling  to 
expel  nitrous  fumes,  diluting,  neutralizing  with  sodic  carbonate  till 
n  precipitate  occurs,  then  adding  acetic  acid  till  clear.  The  liquid 
is  then  made  up  to  a  definite  volume,  and  a  quantity  cqxud  to  about 
0*5  gm.  Cu  taken  in  a  flask  or  beaker,  a  few  crystals  of  potassic 
iodide  added,  and  when  dissolved  the  thiosulphate  is  run  in  from 
a  burette  until  the  frco  iodine  is  nearly  removed,  add  then  some 
starch,  and  finish  the  titration  in  the  usual  way.  The  thiosulphate 
will  of  course  need  to  be  checked  occasionally,  as  it  is  not 
permanent. 

If  strictly  if-  thiosulphate  is  used,  each  cc=0"0063  gm.  Cu. 

4.    Estimation  by  Potassic   Cyanide    (Parkes  and  O.   Kohr). 

This  well-known  and  much-used  process  for  estimating  copper 
depends  upon  the  decoloration  of  an  ammoniacal  solution  of  copper 
by  potassic  cyanide.  The  reaction  (which  is  not  absolutely  uniform 
with  variable  quantities  of  ammonia)  is  such  that  a  double  cyanidv 
of  copper  and  ammonia  is  formed ;  cyanogen  is  also  liberated,  which 
reacts  on  the  free  ammonia,  producing  urea,  oxalate  of  urea, 
amnionic  cyanide  and  formate  (Liebig).  Owing  to  the  influence 
exercised  by  variable  quantities  of  ammonia,  or  its  neutral  salts, 
ujk»ii  the  decoloration  of  a  copper  solution  by  the  cyanide,  it  has 
Wn  suggested  by  Beringer  to  substitute  some  other  alkali  for 
neutralizing  the  free  acid  in  the  copper  solution  other  than 
ammonia.  The  suggestion  has  been  adopted  by  Davies  (C  K, 
lviii.  131)  and  by  Fessenden  (C.  N.  lxi.  131),  who  both 
recommend  sodic  carbonate.  My  own  experiments  completely 
confirm  their  statement  that  none  of  the  irregularity  common  to 
variable  quantities  of  ammonia  or  its  salts  occurs  with  soda  or 
potash.  Suppose  for  example  that  copper  has  been  separated  as 
sulphide,  and  brought  into  solution  by  nitric  acid,  the  free  nitro- 
sulphuric  acid  is  neutralized  with  Na2C03,  and  an  excess  of  it 
added  to  redisrolve  the  precipitate.  The  cyanide  solution  is  then 
cautiously  ran  into  the  light  blue  solution  until  the  colour  is  just 
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■  1.       M\    own    exp  !-,    tliiit   it    is    uuposaihl 

i»h"  the  whole  of  the  precipitate  without  Doing  a 

h;  bat  there  is  no  need  t"  add  ouch  'in  oxoesa,  as 
1  saulvea    when    the    cyanide    i*    added. 
thia  raethotl,  which  give*  excellent 
aeutrolize   the  acid    coppej   oalutii  i    with 

NaHO,   add    \   trifling  ■  •      ten  J   cc.    ad! 

[( ,  |,  blue 

•hk'h  pernii  :[>  end-reaction  with  the  cyuiida 

J.  .1.  and  (C  A',  xlix.  iii.)  have  already  od 

ethotj  of   neutralizing  the  acid  copper  eohrtion  with 
leu  adding  ammonia,  but  the  proportion  they  recommend  is  larger 

i.in  n*-o-s*ary. 

udardfsin  onido,  it  is  advisable  to  arrange  so  that 

((■per  i*  precipitated  with   soda  exactly  as  in  the  titration  <>f 

that   in  to  ■  litric  or  nitro-sulphurio  acid 

iuuM    I**-   added,  then    neutralized  with   slight  excess   >»f  soda, 

with  1  cc  <>f  then  titrated  with  cyanide.     Large 

i    sulpliate  of  >'«ln  "i'  jmtash,  however,  make 

>ry  tittle  difference  in  the  quantity  <>f  cyanide. 

It  has  tfenc-rnlly  been  thought  tint  whore  copper  and   ir"ii  OOOUT  together, 

tn  separate  ilm  Litter  before  usinij  the  eyani-lf.     F.  Field, 

ited  tliut  tlii**  is  not  necessary  (C  -V.  i.  £f)  ■  aud  I  can  fully 

so  hU  ttatoment  that  the  presence  of  the  suspended  ferrie  oxide  u  no 

on  of  the  copper;  in  fart,  it  fa  ratuor  tin  advantage, 

i   DX  tile  process. 

"WaUi  excess,  the  oxide  possesses  a  purplish-brown  colour. 

tin-  excess  lessons,  the  colour  become.'*  gradually  Ughter/i  until  it  i- 
flffllfiflft  brown.     Il  red  to  settle,  which  it  does  wry  rapidly, Tin- 

d  oearly  colourless,    A  tin!"  procaos  is  of 
accessory  to  enable  the  operator  to  hit  the  axool  point. 

te  the  ferric  ■  -x i«  l<-  by  filtration  without 
iving  some  copper  in  it,  and  no  amount  of  washing  will  remove 

ji|M-r  solution  with  10  cc  of  Conic 
«  .Itiv.-Uv  tit  rate*  1  with  cyanide  after  treatment  witli 
■  ui   1   «-.<-.   of   ammonia.      Tin*  cyanide 
her  10  cc.  of  the  h  ime  copper  and  iron 
ttntjona  were  then  precipitated  wit)  id  ammonia  in  same 

olution  "t"  tie-  copper  with  the 
m  ntled  in  it.  The  solution  was  filtered,  and  the 
n  ished  with  h«»t  wi '  I  and 

c.  only  being  required.     « >u  treati 
side  on   the  filter  with  n  ng  with  NaHO 

XH  aide  were 

t  the  ferric  oxide  had  retained  20  per  cant 

numeud   that  operators  who  deal    with 

much    ir.  .ii,  should 
M    2 
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■  the  use  of  tin-  cyanide  method  i 
and  jircustoiii  tii  the  exact  colour  w  ! 

sakea  whan  the  titration   is  finished,  always,  h"-  :!i  this 

.  that   tin1  cyanide  solution  is  standardized   upon  n  known 
weight  of  copper  in  the  presence  of  i  moderate  uuounl  "f  i 

The  sotuti  anide  should  be   titrated  afresh  at 

ds  i-i  .1  few  days.     Further  details  of  this  j 
in  |  M.a 


6.     Estimation    as    Sulphide     Felouse:. 

It   is  first  necessary  to  haven  solution  of  pi 
strength,  which  i*  b  by  dissolving 

sulphate    in    1    litei    of    v  h    at    will    c 

001  [ 

Precipitation  In  Alkaline  Solution. — This  process  is  bfl 
fjn-t  that  if  -in  .uiiiu<ini;n-!il  solution  of  copp  t  to  fptm  40' 

to  80*  C,  and  ,;F  wdic  sulphide  added,  the  whole  of 

ppet    is   precipitate  ^sulphide,    leaving    the    Liquid 

colourless.  The  lose  of  colour  indicates,  therefore,  the  end  of  the 
process,  and  tbifl  ifl  ite  weak  point.  Special  practia  ,  however,  will 
enable  tin-  operator  t*i  hit  the  exact  pomt  closely. 

Example ;  A  measured  quantity  (suy  50  r.c.)  of  standard  solution  of  copper 
is  free W  supersaturated  with  ammonia,  and  heated  till  it  b» 

Iwil.  The  temperature  will  not  be  bibber  than  80s  C.  in  consequence  of  the 
presence  of  the  ammoni  i  ;  it  is  always  well,  however,  to  use  ;i  thermo 
The  sodic.  sulphide  is  delivered  cautiously  from  a  Mnhr's  burt 
last  traces  of  blue  colour  have  disappeared  from  the  clear  liquid  above  the 
precipitate.  The  experiment  it  re] tested,  mid  if  the  same  result  is  obtained, 
UM  number  of  0.0.  or  din.  required  to  precipitate  The  amount  of  OOfftg 
contained  in  50  «.c.  or  dni=u5  gin.  or  5  kxii.  respectively,  is  marked  upon 
the  alkaline  sulphide  bottle.  As  the  strength  of  the  solution  gradually 
deteriorates,  it  must  be  titrated  afresh  every  day  or  two.  Special  regard 
must  be  had  to  the  banipamture  of  the  precipitation,  otherwise  the  accuracy 
of  the  proces*  is  seriously  interfered  with. 

Caaamajor  (C.  W.  xlv.  167)  u  tdof  ainmoniathealkaliin 

tartrate  solution  i  r  Feliliug,  adding  a  slight  excesa  so  as 

to  make  B  clour  blue  solution.      The  addition  i»f  the  sulphidi 
an  intense   black  brown  precipitate,  which   is  stirred  vigi 
clear,     The   copper  sulphide   agglomerates  bate 

it   is  added  until  no  further  acti< itn   with 

•die  sulphide.     This  modification  can  also  be  used  foi 

E1b80l  is  easily  soluble  in  the  t. tion,  and  can  i 

by  tin-  sod*  sulphide  in  the  same  v.       i    i    ppar, 

The    colour  of    the    Bolution    is    not    regarded,  but    the 

of  sulphide,  which  Is  easily  cle  tirrsng. 

Very  good  results  may  be  gained  by  this  modification. 

Copper  can  also  he  first  Repamted  by  gin 
(Rivot),  then  dissolved  in  HXO8,  and  treated  with  the  tartrate. 
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Precipitation  In  Acid  Solution.— Tin-   copper  Solution    is    | 

in  a  tall  stoppci  i  (i'io  os  500  ■  -.<■.),  freely 

acidified  with  hydrochloric  acid,  then  diluted  rut  200  CC 

ihide    is   then   delivered    in   from  b  b 

u'l  the  mixture  well  shakes  ;  the  precipitate 

iper  ffulpu  readily,  I  •■  supemntanl   liquid 

i  sulphide  solution  i-  then  .it   into  i  I  led  until  no 

i  ■-.     Tin-  calculation  ia  the  game  ia  in  the  ease 

if  all,  but  the  precipitated  an  pare 

rulphide  instead  af  oxysulpliide. 


6.      Estimation    by    Stannous    Chloride    rWeil). 

Tliis  process  i^  based  on  the  fa  at  q  euprk  Baft 

uf  hydrochloric  acid  ;tt  a  lyriling  heal  ihowa,  even 

Inn  tin*  smallest  trace  La  present,  q  greenish-yellow  colour,     If  t»> 

ride  ia  added  in  minute  e» 
colourless  cuprous  chloride    is  produced,  and   tin-    loss  "f   colour 
indii  i  nd  of  the  proce 

2CuCl-,  +  SnCl-,-Cu-Vr-  +  Si1' 

Tin*  change  ia  easily  distinguiahoble  to  the  eye,  but  should  any 
doubt  exist  lie  lo  whether  stannous  chloride  is  m  excess,  a  small 
portion  •  >!  the  solution  maybe  tested  with  mercuric  chloride,     Anj 
Lomel  indicates  the  presence  of  stannous  chloride, 
The  tin  solution  is  prei>ared  as  described  in  £  33.2. 

.]  copper  solution  k  made  by  dissolving  purs  onpric 
in  the  proportion  of  39*523  gm.   per 
liter  =  10  gm.     l 

Process  for  Copper  alone. — 10  C.C.  of  the  copper  -oluf  n.n=0'l    nL  at 

lasi  leak,  85  o»o.  of  purestroug  hydroooJono setd 
i  sand-bath  sod  brought  u<  boiling  beet  i  the  tic  solution  is 

d  in  from  :i  burette  until  the  colour  is  nearly  destroyed, 
i  timi-  tilt  the  liquid  is  u  i;«linjrlt--  :is  distilled  water.     No 
will   take  place  during  the  boiling,  owiiitf  to  the  flask  being  filled 
.    .  .     .  . 
A  -!•  ired  in  the  usual  way  by  InalnMnl  with 

rh   m  afterwards  removed  by  evaporating  with  sulphuric:  acid. 
tin,  rilvor,  or  arsenic,  are  of  uo  consequence,  as  wben  we  solution 
mi!i  water  to  i  definite  volume,  the  precipitat* 
(be   bottom  <>f  the  measuring  Bask,  and   the  dear  liquid 

for  titration.     In  ease  antimonia  acid  is  present  it  will  bo 
i  exposing  the  liquid  fors  night  in  an  o 
Ustttii  re-oxidized   but  not  the  anttmony; 

a  second  titration  will  then  kIiow  the  amount  of  copper. 

Process  for  Ores  containing-  Copper  and  Iron. — In  the  case  of 

"iiiiity  of  tin  solution  required  will  el 
emm* represent  botfa  the  iron  and  the  copper     In  LhUcasoa  aecon 

with  zinc  and  i*.ruian£aualc,  and  Lheqfl 
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so  found  is  deducted  from  tl 
corresponding  to  D  .nd. 

ExampU :  A  solution  was  prepared  from  10  tfin,  of  ore  and  diluted  t*» 
10  co.  required  2<;  7.".  c.c.  "I   tin  solution  wh  gtfa  wa* 

it;  j  oa  for  0-1  tfui.  of  Cu. 

nd   platinum  added  till 
he  solution  titrated  with  poroiauj^anatc  who** 
:y  =  0"0800  Km.  of  Fc, 
The  relative  strength  of  the  tin  solution  to  iron    -    i 
ta — 

63  :  50         =U'l     .     U088S. 

therefore  (rl  00.  of  Cu  =  O-0SHH  gm,  I         ol  SuCl* 

whence    0-0888     :     0  1  =  10  2     :     1*34 
thus         0*0809  Fe  (round  abovo)  ■  U  68?  C 

0*1     :    o-osoo— l**;u         U*88?  hoi 

I  mil  =    26"760 

Subtract  for  iron  =     14H37 


Leaving  for  copper  11*611 

10  c.c.  of  ore  nolution  th  16*2  :  - -0*0735  gm. 

of  Cu,  and  us  10  #m.  of  ore  =  250  c.  -  .■«.   ,  i    t. 

cent.     Analyst  by  weight  us  a  control  gave  lh  34  j>cr  cent  Cu. 
l-'r  rolumetrioaUj  MTO  per  cent,  by  weight  20*10 

The  method  i*  specially  adapted  bo  the  analyst*  ofl  fuhl-t.:- 

Process  for  Ores  containing  Ntckel  or  Cobalt.  The  ore  is  dissolved 
in  nitric  or  nitro-hydroehloric  acid,  then  nearly  neutralixcd  with  iodic 
r-irbonate,  diluted  with  cold  water,  and  freshly  precipitated  bona  cirboiialc 
and  some  amnion  i  BOloride  added;  the  whole  k  well  mixed  toother, 
producing  a  precipitate  containing  all  the  copper  and  iron,  whi 
cir  cobalt  rmnains  in  solution;  the  precipitate  u  tir-t  washed  by  decantatum, 
••o)  levied  ou  a  filter,  well  washed,  then  dissolved  in  hydrochloric  .*<  id,  lad 
titrated  with  stannous  chloride  u  before  described. 

Method  for  Copper,  Iron,  and  Antimony. — The  necessary  ■ofctwoi 
arc:— (1)  Standard  copper.  10*667  vriu.  of  copper  sulphate  are  dissolved 
in  water  to  500  o.c,    (-)    A  similai 

.sulphate.     (3)     Standard /m  solution.     4*5  to    <  stannous  chloride, 

and  230  am.  of  HC1,  arc  made  up  to  500  o.c.  with  water.     This  wjlustan  i^ 
standardized  with  No.  3,10  ae.   of  which  solution  should  be  mixed  wjtn 

hydroahlorio  acid,  boiled,  and  the  tin  solution  !.-  be  stnndordi 
in  until  the  green  colour  disappears. 

Estimation  of  Copper. — 5  gni.  of  substance  are  dissolved  in   HQ 
IPSO*",  and  mode  up  to  250  c.c.     10  c.c.  of  this  solution  are  taken. 
UC1  added,  and  then  titrated  as  above. 

Estimation  of  Iron. — Whcu  there  are  24  vols,  of  free  Hi 
the  fornr.  solution  no  indicator  is  necessary,  mid  the  -l  md-ml  tin  solntifln  |s 
nm  in  until  the  iron  solution  i«  colourless;  in  this  way  the  quantity  «>f  irOO 
in  obtained  in  terms  of  copper.     01  solutions  con  tail  -ample 

in  250  e.c,  10  c.c.  are  evaporated  in  :i  porcebui  .  of  the 

copper  solution  (No.  2);  to  the  concentrated  mixed  solution 
(about  75  c.c.)  of  HC1  is  added,  and  this  is  titrated  with  the  ri 
before.     Of  court*  the  tin  required  for  the  copper 

The  copper  is  used  as  an  Indicator,  and  isnol  mqirir  Htaocee  ooo- 

tg  more  than  2  pet  cent,  of  iron. 


con-Eii. 
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Estimation  of  Iron  and  Copper. — 5  gni,  <>f  (UN  Titrate  a- 

[n  anotbei   I  olution;  precipitate  t  >  ■  **  copper  with 

ferrous  into  ferric  salt  by  means  of  pcnnugftQAte, 
i'.rato  the  iron  .l^uin. 

Estimation  of  Antimony. — In  making  up  the  250  c.c  in  this  CM 

i  prevenl  p 

I        oiution  of  anthnonlo  chloride  it  mixed  with  No,  I  copper 

.ressof  HC1,  then   titrated;  the  c,  lard  tin 

I  ii  and  Sb.    If  the  mixed  solution  <>i 

uupiuua  ftud  antjmonioiu  ofaloride  hi  allowed  to  remain  soma  hours  the  Cu 

i,  but  the  Sb  docs  not,  therefore  a  second  ttksfcion 

this  i-j  Boarcety  required  when  the  strength  end 
'  added  is  known. 

Antimony,  Copper,  and  Iron,  when    together  in  name  mmple,  an*  thus 
5  xni.  substance  i-  dissolved  in  nitric  acid,  evaporated  down, 
mis  iron  and  copper,  which  art  "Me-rmiued  as 
intaina  all  the  antimony;  it  is  due 
HCU  treated  with  permaogamste,  and  the  autiiwmii'  ohloridfl  determined  as 

Brii  proce***  dependa  09  tho  reducing  action  of  stannous  chloride.    It  i< 

I    I   (if  extraneous  uxidi/inu   iutluetu'es,  mi-h   n* 

dorine,  nifenc  tekLoi  pennimganate,  etc.,  before  titration; 

affected  by  evaporating  to  dryness,  taking  up  with  hytlrochloric  acid. 

until  toe  solution  or  vajmur  evolved  on  i  eases  to  tarn 

[>er  blue. 

7.      Volhard's    method. 

standard  Bolutionsoro  described  in  S  39.     Each  to, 
tits  00063  gin.  Cu. 

T4f  AnalytiM;  The  copper  in  sulphuric  or  nitric  ecideolntion  hi  evst]K>raled 

icid,  or  if  the  acid  i<  small  in  quantity  neutralised  with 

rbonsfee,  washed  into  a  300  0,0.  flask,  and  anoturh  aqueous  solution  of 

irbouate  ami  leave  a  distiui 

1  l  lolling,  and  run  in  from  a  bur-  "'yanate until  the 

ingc  of  colour,  add  3  or  4  c.c,  and  note  the  entire 

owto  cool,  fill  to  mark,  uud  shake  well.     100  c.c.  arc  thou  filtered 

0  ferric  indicator  with  some  nitric  acid  added, 

-rated  with  ,V  silver  till  colourless;  then  again  thiooyanute  till  the 

rer  solution,  less  the  final  com 
ate,  deducted   from  the  original   thiocyanate,   iri  I    give  the 
quired  to  precipitate  the  copper, 

i  ■  in  prescuce  <-f  Fe,  Ag,  11^,  CI,  I  or  Br. 


6.    Technical    Examination    of  Copper    Ore*    [Steinbeck* e 

Process) . 

In  1667  the  Dircctoi    ni  tin-  Mansfield  Copper  Minos  of] 

ir-thnd  of  examining  these  ores,  the   1  htef 
uih  l'.-iii.  simplicity  <»f  working,  and  the 

.  i.mp'tit'i    was   l>r.  Steinbeck,  whose  pr 
uiijilftcly  the  refjuireiucnts.     The  whole  report  is  eon- 


The    '  of    tin*   [•- 

<ll    of   ill-'    - 

,;  54  i        \  ..t    for    filling  tin-   I 

■ 
iiit.l  t!  riinmlly  riupti- 

be  raftllad  by  umpty  blowing  upon  tin-  *urfiin-  .-f  tin-  Liquid 


Fig.  33. 

(a)     The  extraction  of  the  Copper  from  the  Ore. 
i   put   into  a  flask,  with  From  40  t*«  ~>0 
(-].,.  Hi  i   16),  wherobv  all  carbon 

while  nrboDio  acid  is  expelled.     After  n  while  fluid  b 

Hi"  flttk  6  c.c  of  a  special  nitric  acid,  prepared   l»v  mixing  equal  bull 
-ml  pure  nitric  acid  of  L*£sp,  a      u  howl 

ffpceiolty  niL't  with   in  the  district   i       I  ome,   having 

percentage  of  wilphur  aud  bitumen,  have  to  bo  re 
subjected  u»  thin  prDces* ;  and  others,  ftKnin,  require  onlj   ' 
inntcad  of  6.    The  flask  oontaiuiag  the  assay  is  digested  uu  i  sand-bath  lor 


half  an  boar,  and  the  content*  boiled  for  about  fifteen  minutes ;  attar  ulii.h 
urrinK  iu  tl  I  nil  other  metals,  are  id 

■nlution  Tho  blockish  resisting  of 

has  been  proved  bynameroua  experiments  to  be  either  entirely  free  from 
i .  or  n-  oootefia  nt  tho  moat  only  001  to  003  DOT  cent. 

Separation  of  the  Copper.—  Tin1  lolatlan  <*f    metallic    and  earthy 

I  I  ''[rir-lt'.!«l     1>V 

liUr.ii  ei >.  fluid  ran  hrto  a  covered 

of  about   100  t'.r.  oapaoily.     In  this  backer  ■.  rod  of  metaUio  sine,  weighing 

n.t  h»*  been  previously  plat  oJ  itoul 

The  line  to  be  used  for  this  |  mufa  M 

free  from  lend,  and  at  aujj  rite  should  ool  more  than  From 

in  to  on  jh  the  bitter  metal    The  precipitation  of  the  copper  in 

ih<-  metallic  state  sote  in  alreadj  during  the   nitration  of   tbo  warm  and 

rated   Said,  and  la,  ■  tally  ahn  to  Qm  entire  ■brerjoi  of 

ompletely  finished  in  from  half  to  three  q  m  Imur  after 

the  nitration.     If  thfl  fluid  ■    I  b   Ml  .  no  trace 

should  be  i  °ku0  metal  partly  ooven  tho 

platinum  foil,  pari  d,  and  in  ease  either  the  ore 

sine  applied  in  the  experiment  continued  load,  Kmull  quantities 
of  that  metal  will  the  precipitated  oopper.    After  thi 

»r  iu  cxeess  musl  always  1^  employed)  has  been  removed,  the  mota]  is 
!  carefully  washed  by  aecanmttarj  with  fresh  water,  and  care 
taken  to  collect  to  ry  particle  of  th<  i    iss, 


repea 
taken 


<c)     Estimation  of  the  precipitated  Copper.— to  the  Ipongy 

the  beaker  g  oas,  wherein  the  platinum  foil  is  left,  since  some  of  the 

res  to  it,  8  e.c.  of  the  special  nitric  acid  are  added,  mid  the  oopper 

clved  iiv  the  aid  of  m  |  rie  nitrate,  which, 

il  :m\  small  quantity  of  lead  being  present)  will  of  coarse  bo 

\nth  lead. 

opper  ores  are  dealt  with  containing  above  fi  per  cent.  ■■(  oopper, 

approximate  m  tod  from  the  bulk  of  the  spot 

l'i  cc  ol    nitric  acid,  instead   of  8.  an*  applied  t"r 
d.    The  solution  thus  obtained  i*  left  to  oool,  and  next 
before  titration  with  potnssic  cyanide,  with   10  i 
ilution  "t  liquid  ammonia,  prepared  by  diluting  1  volume  of  liquid 
i  up.  £T.  UV'A)  with  L'  volumes  of  distilled  water. 
tratiou  with  cyanide  is  conducted  as  described  in  §  54  I. 
i  of  such  ores  a*  yield  over*.  b.  of  oopper, 

Hible  quantity  of  tittric  acid  has  consequently  been  area;  the  soVatioe  is 
uter,  and  made  to  occupy  a  bulk  of  loo  cc, ;  this  bulk 
isactly  divided  into  two  portions  of  50  cc.  earth,  and  eaol   i 

io  cc  of  ammonia,  and  the  oopper  tharain  rolumetricafly 

red  solution  tins,  in  addition  t<> 

tho  oopi'tT  compound,  ammonic  nitrate;  a|l.v  toed  which  might  hare  i      I 

i  having  been  precipitated  as  hydra  ted  oxide,  which  does  not  interfere 

titration  with  cyanide.     The  solution  of  the  In -1- named  salt  is  so 

d.thai   1  cc.  thereof  exacth  indicates  0005  gm.  of  copper 

ooy,  5  gm,  of  ore  have  been  taken,  l  o  o.  of  the  titration  fluid  is 
,.  of  copper,  it  hence  follows  that,  by  multi] 
mraber  of  o  C.   of  union  used  to  make  the  blue  colour  of  the 

solution  disappear  by  0*1,  tho  percentage  ol  copper  contained  in  the 
nod. 

inntiiotl   RjHirinll  uliut. 

ipon  liy  (  1 )  atum-nik*  niti  i 
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ammonia,  (3)  lead.  The  copper  used  for  the  experiments  for  this 
purjKiee  was  pure  metal,  obtained  hy  galvanic  action,  and  was 
ignited  to  destroy  any  organic  matter  which  might  accidentally 
adhere  to  it,  and  next  cleaned  by  placing  it  in  dilute  nitric  acid. 
5  gin.  of  this  metal  were  placed  in  a  liter  flask,  and  dissolved  in 
2666  c.c.  of  special  nitric  acid,  the  flask  gently  heated,  and,  after 
cooling,  the  contents  diluted  with  water,  and  thus  brought  to  a 
bulk  of  1000  c.c.  30  c.c.  of  this  solution  were  always  applied  to 
titrate  one  and  the  same  solution  of  cyanide  under  all  circumstances. 
When  5  gm.  of  ore,  containing  on  an  average  3  per  cent  of  copper, 
are  taken  for  assay,  that  quantity  of  copper  is  exactly  equal  to 
0*150  gm.  of  the  chemically  pure  copper.  The  quantity  of  nitric 
acid  taken  to  dissolve  5  gm.  of  ptire  copper  (266*6  c.c)  was 
purposely  taken,  so  as  to  correspond  with  the  quantity  of  8  cc  of 
social  nitric  acid  wliich  is  applied  in  the  assay  of  the  copper 
obtained  from  the  ore,  and  this  quantity  of  acid  is  exactly  met 
with  in  30  cc.  of  the  solution  of  pure  copper. 

The  influence  of  double  quantities  of  amnionic  nitrate  and  free 
caustic  ammonia  (the  quantity  of  copper  remaining  the  same)  i« 
shown  as  follows : — 

(a)  30  c.c.  of  the  normal  solution  of  copper,  containing  exactly  0*160  gm. 
of  copper,  were  rendered  alkaline  with  10  c.c.  of  special  ammonia,  and  were 
found  to  require,  for  entire  decoloration,  29*8  c.c.  of  cyanide.  A  second 
experiment,  again  with  30  c.c.  of  copper  solution,,  and  otherwise  under 
identically  the  same  conditions,  required  29*9  c.c.  of  cyanide.  The  average 
is  29*85  c.c. 

(b)  When  to  30  c.c.  of  the  copper  solution,  first  8  c.c.  of  special  nitric 
ncid  are  added,  and  then  20  c.c.  of  special  ammonia  instead  of  only  8,  whereby 
the  quantity  of  free  ammonia  and  of  amnionic  nitrate  is  double  what  it  wan 
in  the  case  of  a,  there  is  required  of  the  same  cyanide  30*3  c.c.  to  produce 
decoloration.  A  repetition  of  the  experiment,  exactly  under  the  same 
conditions,  ga%*e  30*4  c.c.  of  the  cyanide ;  the  average  is,  therefore,  30*35  cc. 
The  difference  amounts  to  only  005  per  cent,  of  copper,  which  may  be 
allowed  for  in  the  final  calculation. 

When,  however,  larger  quantities  of  ammoniacal  salts  are  present 
in  the  fluid  to  bo  assayed  for  copper,  by  means  of  cyanide,  and 
especially  when  amnionic  carbonate,  sulphate,  and,  worse  still, 
chloride  are  simultaneously  present,  these  salts  exert  a  very  dis- 
turbing influence*  The  presence  of  lead  in  the  copper  solution 
to  be  assayed  has  the  effect  of  producing,  on  the  addition  of  10  cc. 
of  normal  ammonia,  a  milkiness  with  the  blue  tint  j  but  this  doc* 
not  at  all  interfere  with  the  estimation  of  the  copper  by  means 
of  the  cyanide,  provided  the  lead  be  not  in  great  excess ;  and  a 
slight  milkiness  of  the  solution  even  promotes  the  visibility  of  the 
approaching  end  of  the  operation. 

*  I  have  retained  this  technical  process  in  its  original  form,  notwithstanding  the  nae 
of  ammonia,  because  it  1b  systematic,  and  tbe  results  obtained  by  it  are  all  comparable 
among  themselves.  Of  course  soda  or  potash  may  be  used  in  place  of  ammonia,  if  the 
cyanide  is  standardised  with  them. 
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<  purpoa  '  une  experiments  t«<  test  this  point, 

liow  that  o  in  uantxty  of   lead   lias  do 

i    lli<-    ilitlih'lur 

doc,  tin    niull  h  showed  thai  op  to  B  i  <\  tin- 

it,  the  zinc  hnd no  disli&ibing action;  bati  considerable 
'  (uthe  percent  tge  increased  above  thai  propoi 
ore  always  be  token  in  washing  the  spongj  copper 
ipitated  From  tlie  on  solution  by  i  /.inc. 

Tin*  titration  must  always  take  j«l  linary  temperatures, 

iting  the  anunoaiacal  solution  while  under  titration  to  40" 
usiderably  reducei  the  quantity  lide  required. 


B.     Estimation   of   Copper  by   Colour  Titration. 

idoptod  w  Itfa  •  i  ;t-  in  the 

tvaUnbl*  toi   dogs,  poor  cupreous   pyrites, 
t molly,  a  .V.  xwii.  308), 
The  reagent  (used  is  tlie  same  as  in  the  cose  <»f  iron,  vi/.,  potaseic 
mide,  whirh  gives  a  purple-brown  colour  with  very  dilute 
ihitions  of  copper.     This  reaction,  however,  is  not  so  debeate  as 
is  with  iron,  for  1  part  of  the  latter  in  13,000,000  porta  «»f  water 
I   by  means  of  potaaaic  ferrocyanide;  while  I  jmrt 
copper  in  b  neutral  solution,  containing  onunonic  nitrate, 

i.  of  the  coloured 
-  which  <"i<i»-i  gives  with  different  reagents,  those  with 
dpliuretted  hydrogen  and  [x>tas«ic  ferrocyanide  ore  by  far  tlu* 
tost  ■!  i  ir  respective  colours  in  L'.'tou.oou 

■ 
Of  the  two  n  agents  sulphuretted  hydrogi  a  is  the  more  delicate; 
i  issic  ferrocyanide  has  a  decided  advantaj  dphuretted 

ii   in   the   fact    that   lead,   when    n  ut    in   too  bugs 

-.,  does  not  interfere  with  tlie   depth  >-t"    colour  obtained, 
gen  it  ik,  iu>  Lb  wall  Known,  very 

igh  in>n  if  present  woidd,  without  s]>ocia]  precaution 
tng  taken,  prevent   the  determination  of  copper  by  mean 

i.  by  the  method  as  described  I  e  amounts 

!     contained  together  in  u  solution  can  be  estimated 
this  reagent. 

Amnionic  nitrate  renders  the  reaction  much  more  delicate  ;  other 

:  Itrate,  have  likewise  the 

Tin-   method   of   an  in   the   comparison   <>f   tin* 

jiiMilni-.-.l   by  milling  t«»  a  solnti'-n  «'f   [. 

i»jip*T   "f    known    strength  ; 
i!\.     tin  ■  •:•{<•  i     is    («»    1m- 
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The  solutions  and  materials  required  are  as  follows : — 

(1 )  Standard  Copper  solution.- — Prepared  by  dissolving  0-395gm. 
of  pure  CuSO*,  5H*0  in  one  liter  of  water.     1  c.c.  =  0*1  m.gm.  Cu. 

(2)  Solution  of  Ammonic  nitrate. — Made  by  dissolving  100  gni. 
of  the  salt  in  one  liter  of  water. 

!3)     Potassic  ferroeyanide  solution. — 1   :  25. 
4)    Two  glass  cylinders  holding  rather  more  than  150  c.c.  each, 
the  point  equivalent  to  that  volume  being  marked  on  the  glass. 
They  must  both  be  of  the  same  tint,  and  as  colourless  as  possible. 
Instead  of  these  the  colorimeter  may  l)e  used. 

A  burette,  graduated  to  -^  c.c.  for  the  copper  solution ;  a  5  c.c. 
pipette  for  the  amnionic  nitrate '  and  a  small  tube  to  deliver  the 
ferroeyanide  in  drops. 

The  Analysis :  Five  drops  of  the  potassic  forrocyanide  are  placed  in  each 
cylinder,  and  then  a  measured  quantity  of  the  neutral  solution  in  which 
the  copper  is  to  be  determined  is  placed  into  one  of  them,  and  both  filled 
up  to  the  mark  with  distilled  water,  5  c.c.  of  the  ammonic  nitrate  solution 
added  to  each,  and  then  the  standard  copper  solution  ran  gradually  into 
the  other  till  the  colours  in  both  cylinders  are  of  the  same  depth,  the 
liquid  being  well  stirred  after  each  addition.  The  number  of  c.c.  used  are 
then  read  off.  Each  c  c.  corresponds  to  (VI  m.gm.  of  copper,  from  which 
the  amount  of  copper  in  the  solution  in  question  can  be  calculated. 

The  solution  in  which  the  copper  is  to  be  estimated  must  be 
neutral ;  for  if  it  contain  free  acid  the  latter  lessens  the  depth  of 
colour,  and  changes  it  from  a  purple-brown  to  an  earthy  brown.  If 
it  should  be  acid,  it  is  rendered  slightly  alkaline  with  ammonia, 
and  the  excess  of  the  latter  got  rid  of  by  trailing.  The  solution 
must  not  be  alkaline,  as  the  brown  coloration  is  soluble  in  ammonia 
and  decomposed  by  potash  or  soda  ;  if  it  be  alkaline  from  ammonia, 
thin  is  remedied  as  before  by  boiling  it  oif;  while  free  potash  or 
soda,  should  they  be  present,  are  neutralized  by  an  acid,  and  the 
latter  by  ammonia. 

Lead,  when  present  in  not  too  large  quantity,  has  little  or  no 
effect  on  the  accuracy  of  the  method.  The  precipitate  obtained  on 
adding  potassic  ferroeyanide  to  a  lead  salt  is  white  ;  and  this,  except 
when  present  in  comparatively  large  quantity  with  respect  to  the 
copper,  does  not  interfere  with  the  comparison  of  the  colours. 

When  copper  is  to  be  estimated  in  a  solution  containing  iron,  the. 
following  method  is  adopted  : — 

A  few  drops  of  nitric  acid  are  added  to  the  solution  in  order  to  oxidize  the 
iron,  the  liquid  evaporated  to  a  small  bulk,  and  the  iron  precipitated  by 
ammonia.  Even  when  very  small  quantities  of  iron  are  present,  this  can  bo 
done  easily  and  completely  if  there  be  only  a  very  small  quantity  of  fluid. 
The  precipitate  of  ferric  oxide  is  then  filtered  off,  washed  once,  dissolved  in 
nitric  acid,  and  re-precipitated  by  ammonia,  filtered  and  washed.  The  iron 
precipitate  is  now  free  from  copper,  and  in  it  the  iron  can  be  estimated  by 
dissolving  in  nitric  acid,  making  the  solution  nearly  neutral  with  ammonia, 
and  determining  the  iron  by  the  method  in  §  G0.4.  The  filtrate  from  the 
iron  precipitate  is  boiled  till  the  ammonia  is  completely  driven  off,  and  the 
copper  estimated  in  the  solution  so  obtained  as  already  described. 
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pper  fa  too  dilute  I 
i  ferrocyanide,  a  roeasured  quantity  »»f   it 
potated   bo  fl  small  bulk,  and  filtered   it'   necessary  ; 
and  if  it  contain  ii";  [bod. 

In  the  determination  of  copper  and  iron  in  water,  for  which  (he 

!,   applicable,  a  measured  quantity  is  evaporated 

to  dryness  with  a  few  drops  of  nitric  acid,  [gniti  d  to  got  rid  of  nay 

inii    matter  that  u<  .  u   the  liquid,  dissolved  in  Q  little 

boiling  v.  I  .i  drop  or  two  of  nitric  acid;   1!    i         not  all 

soluble  H  doea  nol  n        1       Lniniania  is  next  added  to  precipitate 

ished,  re-dissolved  in  nitric  acid, 
and  again  precipitated  bj  ammonia,  Mlt<-r<-<l  off,  and  washed.     The 
Li  1  bo  the  "in-  previously  obtained,  tin*   iron  estimated 
in  the  precipitate,  and  the  copper  in  the  unified  filtrates. 

CYANOGEN. 
<  'X=26. 

1 :  solution  =  0*0059  - 

I      aogi  11. 
=  0-0054 

Hydrocyanic  acid. 
„  M  =  0-0130:.' 

Potaasic  cyanide, 
lutkni   b 0*003256  gnx 

Potaasic  cyanide. 


1,     By    Standard   Silver    Solution    Xiebiir). 

This  ready  and  aceurti  i  "f  estimating  cyai 

in  1  1  I,  alkaline  cyanides,  etc,  waa  discovered  l»>    Liel.i^, 

and  is  fully  described  in  Arm.  der  Cftem,  und  fJ/t«r>ir.  Lxxvii  102. 

It   ;.  11  the  fact,  that  when  a  solution  of  Bilvet  nitrite  is 

to  mi  alkaline  solution  containing  cyanogen,  with  constant 

mo  |M'rmaiH'nt  precipitate  of  silver  r.ymiide  occurs  until  nil 

1  has  combine*!  with  the  alkali  ami  the  silver,  to  form 

otabte  double  salt   (in   the   presen f    potash,   for  oxamrds, 

K.Cj .  Ar(  \  1.     If  the  slightest  excess  of  silver,  over  and  above  the 

required  to  I  1  abiuation,  be  added,  ;t  permanent 

j.it.itr  of  silver  cyanidi  the  double  compound   being 

■  1.      If,  th<  he  silver  solution  be  of  known  strength, 

.'ji  present  is  easily  found  :  1  eq.  of  silver  in 

equal  to  2  e.[.  cyannrrpn. 

■  tins  double  combination,  that,  when  sodic  chloride  is 

■  permanent  pre*  i]iitiite  of  silver  chloride  occurs,  until  the 
I   silver  necessary  to  form  mind  is  slightly  over 

1       pointed  out  that  thi    |  in  the  case 
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of   free  hydrocyanic  acid,  is  liable  to  serious  errors  unless  the 
following  precautions  are  observed : — 

(a)  The  solution  of  sodio  or  potossic  hydrate  should  be  placed  in  the 
beaker  first,  and  the  hydrocyanic  aeid  added  to  it  from  a  burette  dipping 
into  the  alkali.  If,  instead  of  this,  the  acid  is  placed  in  the  beaker  first,  and 
the  alkaline  hydrate  added  afterwards,  there  may  be  a  slight  loss  by 
evaporation,  which  becomes  appreciable  whenever  there  is  any  delay  in  the 
addition  of  the  alkali. 

(b)  The  mixture  of  hydrocyanic  acid  and  alkali  should  be  largely  diluted 
with  water  before  the  silver  nitrate  is  added.  The  most  suitable  proportion 
of  water  is  from  ten  to  twenty  times  the  volume  of  the  officinal  or  of 
Scheele's  acid.  With  such  a  degree  of  dilution,  the  final  point  of  tho 
reaction  can  be  observed  with  greater  precision. 

(c)  The  amount  of  alkali  used  should  be  as  exactly  as  possible  that 
required  for  the  conversion  of  the  hydrocyanic  acid  into  alkaline  cyanide, 
as  an  insufficiency  or  an  excess  both  affect  the  accuracy  of  the  result.  It  is 
advisable  to  make  first  a  rough  estimation  with  excess  of  soda  as  a  guide, 
then  finish  with  a  solution  as  neutral  as  possible. 

Caution. — In  using  the  pipette  for  measuring  hydrocyanic  acid, 
it  is  advisable  to  insert  a  plug  of  cotton  wool,  slightly  moistened 
with  silver  nitrate,  into  the  upper  end,  so  as  to  avoid  the  danger  of 
inhaling  any  of  the  acid ;  otherwise  it  is  decidedly  preferable  to 
weigh  it. 

Example  icith  Potaesic  Cyanide:  The  quantity  of  this  substance  necessary 
to  be  taken  for  analysis,  so  that  each  c.c.  or  dm.  shall  be  equal  to  1  per  cent, 
of  the  pure  cyanide,  is  1*80  gm.  or  13*0  grn.  13  grains,  therefore,  of  the 
commercial  article  were  dissolved  in  water,  no  further  alkali  being  necessary, 
and  54  dm.  i\  silver  required  to  produce  the  permanent  turbidity.  'Iho 
sample  therefore  contained  54  per  cent,  of  real  cyanide. 

2.     By  Standard  Mercuric  Chloride   (Hannay). 

This  convenient  method  is  fully  described  by  the  author  {J.  C  S. 
1878,  245),  and  is  well  adapted  for  the  technical  examination  of 
commercial  cyanides,  etc.,  giving  good  results  in  the  presence  of 
cyanates,  sulphocyanatcs,  alkaline  salts,  and  compounds  of  ammonia 
and  silver. 

The  standard  solution  of  mercury  is  made  by  dissolving  13*537 
gm.  HgCl-  in  water,  and  diluting  to  a  liter.  Each  c.c.  =  0*00651  gm. 
of  potussie  cyanide  or  0*0026  gm.  Cy. 

The  Analysis:  The  cyanide  is  dissolved  in  water,  and  the  beaker  placed 
upon  black  paper  or  velvet ;  ammonia  is  then  added  in  moderate  quantity, 
and  tho  mercuric  solution  cautiously  added  with  constant  stirring  until  a 
bluish-white  opalescence  is  permanently  produced.  "With  pure  substances 
the  reaction  is  very  delicate,  but  not  so  accurate  with  impure  mixtures 
occurring  in  commerce. 

3.     By  Iodine   (Fordoa  and  Oelis). 

This  process,  which  is  principally  applicable  to  alkaline  cyanides, 
depends  on  the  fact,  that  when  a  solution  of  iodine  is  added  to  one 
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«.f    [«<:  the   iodine  loses  ita  ookmi 

mposcd  .  mains.     The  reaction  may  b 

iv  tii>-  foil  i  inula  : — 

re,  2  cq.  iodine  represent  1  eq.  cyanogen  in  eombuntioi 
it  1  .  -■   ..f    *fl  iodini        ;  i  li:ilf  "t   loJ^nr  *■''! 

impounds.     The  end  "f   the  reaction  ii  known  bi 
;  of  the  iodine  solution  beoonnng  permanent. 

generally   contaminated  with 

monocarl ate  alkalies,  which   would  equally  jl  ■ 

be  colour  of  thi  equently  these  must 

I  into  bioo]  by  lading  carbonic  acid 

Example  ■  :>  cm.  of  potassio  cyanide  were  weighed  ami  dissolved  in  £>O0*\r 
water:  then  LO  CO*  (»0*1  j?m.  cyanide)  token  with  n  pipette,  diluted  with 
about  {  liter  of  water,  100  c.c.  of  wxlu  wmtei  tiea  ^  iodine  dcttl 

from  the  'il  the  solution  poA>r»cd  a  Blight  hut  permanent  yeltoi 

colour;  23."  aa  irere  required,  which  multiplied  bv  0*003266  u*aTe 008300 
tcm.  instead  of  0*J    .  i>er  cent,  re.nl  cyanide.    Sulphides  must  of 

nourBc  be  tbf 


4.     By 
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Silver   and    Chromatic    Indicator. 


Vielhabci  (Arch,  Pharm*  [3]  xiiL   108)  has  shown  thai   wealc 

■hiti"ii>  of  prussic  acid,  such    ■  be.,  maj  be 

ilily  titrated  by  milling  mognesic  hydrate  suspended  in  water 

tdding  a  drop  or  two  of  chromate  indicator,  and 

[eHvering  in  ,s(,  silver  until  the  red    -      i   app  lib,  h  in  the  ease 

iting  chlorides.     1  c.c.  silvei  solution » 0*0037  gm.  HCy. 

Tin,-  method  may  be  found  serviceable  in  the  examination  of 

->r"  hydrocyanic  acid,  such  tw  solutions  of  bitter- 

mud  oil,  etc.;  '"it  of  course  the  absence  of  chlorine  mi 

.at  must  be  allowed  for. 
It  is  [treferahlc  t->  add  the   IK  \  to  a  mixture  of  nugneeia  nnd 
titrate  with  silver. 

FERRO-     AND     FERRI-CYANIDES. 
FotasBic    Ferrocyanide. 

K«Cy*Fe+3B    I 
x       7 'Ml = Crystallised  PotaeaJ  aide. 


1.      Oxidation    to    Ferricyanide    by    Permanganate    (Do    Ha  en;. 

bimatexl  by  potasaic  permanga- 

t  into  rod  The  pn 
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is  easy  of  application,  and  the  results  accurate.  A  standard 
solution  of  pure  ferrocyanide  should  be  used  as  the  basis  upon 
which  to  work,  but  can,  however,  be  dispensed  with,  if  the  operator 
chose  to  calculate  the  strength  of  his  permanganate  upon  iron  or  its 
compounds.  If  the  permanganate  is  decinormal,  there  is  of  course 
very  little  needed  for  calculation  (1  eq.  =  422  must  be  used  as  the 
systematic  number,  and  therefore  1  c.c.  of  -^  permanganate  is 
equal  to  0*0422  gm.  of  yellow  prussiate).  The  standard  solution 
of  pure  ferrocyanide  contains  20  gm.  in  the  liter :  each  c.c  will 
contain  0*02  gm. 

The  AnalytU .-  10  c.c.  of  the  standard  prussiate  solution  are  put  into  a 
white  porcelain  dish  or  beaker  standing  on  white  paper,  and  230  c.c.  or  so  of 
water  added ;  it  is  then  acidified  pretty  strongly  with  sulphuric  acid,  and  the 
permanganate  delivered  from  the  burette  until  a  pure  uranium  yellow  colour 
appears ;  it  is  then  cautiously  added  until  the  faintest  pink  tinge  occurs. 

Ferrocyanldea  In  Alkali  waate. — Acidulate  the  solution  with 
HC1,  ami  add  strong  bleaching  powder  solution  with  agitation  until 
a  drop  of  the  liquid  gives  no  blue  colour  with  ferric  indicator.  The 
liquid  is  then  titrated  with  a  solution  of  cupric  sulphate,  standardized 
on  pure  jwtassic  ferrocyanide,  using  dilute  ferrous  sulphate  as 
indicator ;  as  soon  as  no  more  blue  or  grey  colour  occurs,  but 
a  faint  reddening,  the  process  is  ended. 

Ferrocyanldea  in  GNw  Liquor. — 250  c.c.  are  evaporated  to  dryness, 
dissolved  in  water,  the  solution  filtered,  and  prussian  blue  precipitated 
by  ferric  chloride.  The  blue  is  filtered  off,  washed,  and  decomposed 
with  caustic  soda.  The  ferric  hydroxide  so  obtained  is,  after  filtering, 
washing,  and  dissolving  in  dilute  H2SO*  reduced  with  zinc,  and 
titrated  with  permanganate.     Fe  x  5*07  =  (XH4)4FeCy*. 


FOTASSIC    FERHICTAKZDE. 

KfiCy12Fe2=  658. 

Metallic  iron  x        5-88  =  Potassic  ferricyanide. 

Double  iron  salt  x        1-68  —        „  „ 

TN^  Thiosulphate  x        0*0329     =        „  „ 

2.     By   Iodine    and   Thiosulphate. 

This  salt  can  Ikj  estimated  either  by  reduction  to  ferrocyanide 
and  titration  with  permanganate  or  bichromate  as  above,  or  by 
Lenssen's  method,  which  is  based  upon  the  fact,  that  when 
potassic  iodide  and  ferricyanide  are  mixed  with  tolerably  concen- 
trated hydrochloric  acid,  iodine  is  set  free. 

K*Fo*Cy"  +  2KI  =  2K4Cy°Fc  +  P 

the  quantity  of  which  can  be  estimated  by  ^  thiosulphate  and 
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!         metliod  doe*   not,    however,  givi    the    i 
nits,    owing    to   tli<-    variation    produced    by   working 
or  concentrated  solutions.      C,    Mohr's  modi£ 
n  Sins,  §  78.1 )  is,  however,  mora  accurate,  and  is  as  follows  : — 
iridc  \>  dissolved  in  n  convenient  quantity  of  n   I 
iodide  if  added,  together  with  hydrochloric  acid 

quantity,  then  ;i  solution  <>f   pun-  tine  sulphate  in 
;t*efcs ;  after  i  few  minutes  to  allow  the  decomposition  l>> 

■rft'ct  itself,  th''  excess  of  acid  is  neutrtbxed  by  Bodic  carbonate]  bo 
u»t  tin  bUy  prcdomin  i 

At  this  stage  .ill  the  rinc  ferricyanide  first  formed  is  con. 

inide  oi  tb  aquivalent  quantity  of 

iodine  which  can  at  once  be  titrated  with  &  fcbiosulpSate 

and  with  very  great  exactness.     1  <■.. ■.  X  thiosulphats 
0*0."..  aide. 

Tlif  mean  <»f  tive  detern  made  by  Mohr  gave  100*21 

100. 
Another  method  conajsts  in  boiling  with  excess  of  potash 

.  and  adding  II-m-  till  the  colour  is  yellow.     The  excess  oj 
it*  peroxide  is  then  boiled  off,  Il-sn1    tdded,  and  titrated  with 
te. 


3.      Reduction    of    Ferri-    to    Ferro -cyanide. 

This  i  of  coursi .  i  ry  when  the  determination  b) 

■  :■•  has  to  in-  made,  and  is  best  effected  by  boiling  the 

I   f**rrii*ynuide  with  an  excess  .»f  potash  or  soda,  and  adding 

lall  qi  of  concentrated  solution  of  ferrous  sulphate  untu 

ipitate  which  occurs  possesses  s  blackish  colour  (signifying 

nit  the  formed).     Tin-  solution  i*  then  diluted 

■  mveniont  quantity,  say  300  cc,,  well  mixed  and  filtered 

i  ei  ;  50  "i  100  cc.  may  then  !»■  taken,  sulphuric 

.  and  titrated  with  penuanganat**  as  h-lmv  desmbed. 

Other  soluble  feno-  or  ferri-cyanides  may  1 xamined  in  the  same 

th"  potassium  Baits,  and  it  insoluble,  tliey  may  generally 
i  converted  into  the  latter  by  boiling  with  strong  caustic  pol 


STTLPHOCYANIDES. 

if  sulphocyanic  acid  in  combination  with  the 
lk:iliii"  ureartln  hn*es,  Karnes  and  Liddle  (/.  &  C.  L   ii.  132) 
;  .i  method  whii  "f  application,  and 

Its,     It  is  not,  however,  available  for  gas  liquors, 
method  depends  upon   the  Fad   thai  when  a   solution    4 
uldeil   t"  i  solution  of  a  sulphocyanidc  in  presence 
'■ui,  as  sodic  bisulphite,  the  ineoxuhle  cuprw 

d,  the  end  of  the  reaction  being 
p  of  the  solution  in  tin-    lln-k  giving  :i  brown 

B 
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colouration  when  lirou^ht  in  contact  with  u    I 
Tin'  following  reaction*  |  ■  — 


and 


-i  fcSl  »<  +2KSCN  +  NV8i  I  +  H-<  >  = 
P+lPSCH+SNaHSO1 

3Cu80*4  B  *  >l-<>: 

CttW  «S0<  +  2N«i£S0< 


The  following  Aoluti  i  qtiiwd:— 

1.     A  standard  solution  ..f  Cupric  sulphate  ninlaiuii 
gm.  per  liter,  1  cc,  of  which  i-  equivalent  to  0*001  I"'  . 

A  solution  of  Sodic  bisulphite  of  sp  1*3. 

3.     A  solution  of  PotassSc  ferroc^wdde  (1  :  20). 

The  Analysis :  About  3  am.  of  1 1  ire  weighed  from  a  atopperwl 

tub©  into  a  liter  flaak,  dis-oUed  in  water,  and  made  up  bo  the  mark.  After 
well  mixing,  25  ci.  are  measured  iuto  a  Duk,  about  8  OX.  of  I  he  bisulphite 
added,  and  the  wholo  boiled.  Whilst  tlii?  it  hasting  a  burette  i^  filled  with 
the  copper  solutiou,  and  a  white  paroalain  flab  \*  dotted  ovse  with  the 
ferrocjuriide.  When  the  liquid  in  Uu  Baa)  lia«  reaohed  the  boiling  point, 
20  c.c.  of  the  ropper  solution  iu*e  run  in.  well  shaken,  the  precipitate  allowed 
>  for  about  |  minute,  a  drop  is  taken  out  by  means  of  a  glasa  rod, and 
brought  in  contact  with  a  drop  of  fcrrocyanidc,  and  should  no  brown 
colouration  appear,  more  of  the  copper  solution  is  run  in,  aay  1  c.c.  at  a 
time,  and  again  tested.  This  is  continued  until  a  drop  nvaa  an  immediate 
colour.    By  this  means  an  approximation  to  il  u  obtained.     It  will 

b©  observed,  during  a  titration,  Unit  the  mixed  dn  ,  nding  fori 

minute,  or  even  lew,  produce  a  brown  tint,  It  is  of  the  utmost  inijortane* 
that  the  colouration  be  immediate. 

A  second  25  e.o.  of  the  nUphocyantde  solution  are  nin  into  a  clean  flask, 
tho  bisulphite  added,  and  boiled  as  before. 

Suppose  that  in  the  first  experiment,  after  an  addition  of  IT  «\c.  of  copper 
solution,  no  colour  was  formed  with  ferrocyanide,  but  that  28  c.c.  gave  an 
immediate  colour;  then  in  the  second  experiment  27  c.c.  are  run  in  at  once, 
and  the  liquid  Is  again  tested,  when  do  colour  should  appear.  Tin?  cupper 
solution  is  then  run  in  drop  by  drop  until  then'  is  n  fth'gbl  exoeaa  of  copper, 
SJ  proved  by  the  delicate  reaction  with  the  ferrocyatiidc.  The  second 
experiment  is  thus  rendered  more  exact  by  the  experience  gained  in  the  first. 

GOLD. 

An.  L96-JJ 

!     i    or  1  dm,  normal  oxalic  acid     0*0655  gm,  oi  0*655  gm.  Gold. 

§  57.    The  technical   assay  of   gold    f>»r  coining  puqu^tes  is 
invariably    |K*rformod    by    cupellation.      Terehloridc    of    gold    is, 
Uowuv.T,    largely    used    in    photography  and 
therefore  it  maybe   necessary  mine  times  ton 
of  a  solution  of  the  chloride,  or 

If  to  a  solution  "f  gold  in  the  form  of  chlun  nitric 

acid)  an  excess  of  oxalic  acid  be  added,   it  f  form 

eighteen   to  twenty-four  hours  all  tin  goM  will  be 
the  metallic  form,  while  il  onding  quantit 
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.  the  form  of  carbonle  add  ;  if,  therefore,  the 
id  originally  added  be  known,  And  the  ■ 
implebe  precipitation  of  tin-  gold)  W  found  by  pemtuginftte, 
amount  of  gold  will  be  obtained. 

Example;  A   15-graiii   tube  of    the  chloride  of   gold  of    commerce    was 
lived  in  water,  and  the  solution  made  up  to  300  de<:ems.     20  dm.  of 
oxalic  acid  were  then  added,  and  the  disk  set  aside  for  tutu 
■  warm,  dark  place;  at  the  end  of  that  time  the  gold  had  settled, 
the  Hiipematarr  i-  olear  and  nolnrtflnaii     100  dm.  W4  re  Mean 

it  with  i  pipette,  and  t;1  ",  permanganate,  of  which  2u  dm.  were 

mired;  Bus  multiplied   by  3  give*  7*dm.=7*5  dm.  nermal  onUo  acid, 
tednetad   from    the  20  am.   originally  added,  left-   12*5   dm.;  this 
ultiplied  by  i  tee  equivalent  of  gold  (1  eq.  of  gold  ohlotida  daoompoaing 
-  gave  B*19S  grn.  metallic  gold,  or  multiplied  bv  101 
gave  12*625  grn. ;  the  result  was  84  per  cent,  of  chloride  of 
ad  of  100. 


IODINE. 

1=1- 
1.     By    Distillation. 

Frei  iodine  [sofa  tted  bjsolQiion 

1    ind  ^  bhiosulphate, 
34.* 
bined  iodine  in  haloid  Baits,  Ikaline  ioriidfto, 

jected  to  distillation  with  hydrochloric  laid,  and  some 
ile  of  assisting  in  the  liberation  of  free  iodine, 
»ived   into  a   solution  of   potnasic   iodido,   and   than 
tod   with   -jg   thioeulpbate   in    the  ordinary   way.      Bnch   ■ 
ibataii'  itself  beat  in  the  form  of  feme  oxide,  or  some 

[nations;  if,  therefore,  hydriodic  acid,  01  nunts 

thing,  mi  odide,  be  mixed  with  on  ex.essof 

iloride,  and  distilled  in  the  apparatus  Bhown  in 
the  following  reaction  occurs: — 

F**0>+*IB  »2FeO+H«0+P, 

The  best  form  in  which  to  use  the  ferric  oxide  is  iron  alum. 
The  iodide  and  iron  alum  being  brought  into  the  little  Mask, 
\  HO,  sulphuric  acid   of    aboul    1*3  sp.   gr.    ic   added,   and  the 

tin-  -till  tube  insei i  ■  '       Hiis  tube  is  not  carried  into 

>n  of  !'■  Lide  in  th  ■     ■ ,  hut  within  n 

>■  of  it  ;  ;md  The  cud  must  not  bp  drawn  out  to  a  fine 

■   presented,  bu1  straight     The  reason  for 

I  would  bete  •ui»i»  impress  upon  U»e  operator's  notice  that  it  is  of  jrreat  importance 
to  asrertsun  the  ri»>-t  strength  of  the  standard  solutions  of  iodine  and  tbiosu  Inhale  M 
compared  with  sach  other.  Both  volution*  ronstantly  undergo  an  amount  of  change 
•Wnendiu*-  apou  the  tetu|wr  »tiu-«  at  which  they  ore  kept,  their  exposure  to  tight,  etc.. 
■M  Uwrwore  It  is  absolutely  necessary,  to  ensure  exactness  in  the  multifarious  analyses 
which  ran  lie  wade  by  the  aid  at  these  two  reagents,  to  verify  their  agreement  by 
-  a  amaU  portion  of  pure  dry  iodine  at  intervals,  and  titrating  it  with  the 
tbiiM&lphate. 

M    J 
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this  arrangement  is,  that  it  is  not  a  chlorine  distillation  for  the 
purpose  of  setting  iodine  free  from  the  iodide  solution,  as  is  usually 
the  case,  but  an  actual  distillation  of  iodine,  which  would  speedily 
choke  up  the  narrow  jx>int  of  the  tube,  and  so  prevent  the  further 
progress  of  the  operation. 

As  the  distillation  goes  on,  the  steam  washes  the  condensed 
iodine  out  of  the  tube  into  the  solution  of  iodide,  which  must  be 
present  in  sufficient  quantity  to  absorb  it  alL  When  no  more 
violet  vapours  nre  to  l>e  seen  in  the  flask,  the  operation  is  ended  ; 
but  to  make  sure,  it  is  well  to  empty  the  solution  of  iodine  out 
of  the  condensing  tube  into  a  beaker,  and  put  a  little  fresh  iodide 
solution  with  starch  in,  then  heat  the  flask  again;  the  slightest 
traces  of  iodine  may  then  be  discovered  by  the  occurrence  of  the 
blue  colour  when  cooled.  In  case  this  occurs  the  distillation 
is  continued  a  little  while,  then  both  liquids  mixed,  and  titrated 
with  T*k  thiosulphate  as  usual. 

In  a  note  on  page  151  it  is  stated  that  the  rubber  joints  to  the 
special  apparatus  of  Fresenius,  Bunsen,  or  Mwhr  for  iodine 
distillations  are  objectionable.  Topf  avoids  this  by  fitting  his 
apparatus  together,  so  that  although  rubber  is  used,  the  reagents- 
do  not  come  in  contact  with  it  (Z.  a  C.  xxvi.  293). 

Another  form  of  apparatus  designed  by  Stortenbeker  (Z.  a  C. 
xxix.  273)  is  shown  in  fig.  34,  in  which  rubber  joints  are 
entirely  dispensed  with,  and  glass  connections  used.  The  con- 
nection between  the  distilling  tube  and  the  absorbing  apparatus  is 
a  water  joint,  the  tube  resting  in  a  socket  kept  wet  with  water, 
the  chloride  of  calcium  tube  is  filled  with  glass  pearls,  moistened 
witli  concentrated  solution  of  potassic  iodide,  and  the  connection 
with  the  al>sorbing  apparatus  is  ground  in  like  an  ordinary  stopper. 
The  absorbing  bulbs  are  immersed  in  water  to  the  middle  of  the 
bull  is,  and  the  iodide  solution  filled  to  the  lower  end  of  them. 


Fig.  34. 
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ic  chloride  may  !»•  uaed  instead  "I    the  Iron  alum,  ' 
■  free   from  nitric  acid  or  active  chlorine  (heal   prepared 
from  drj  FeK)8  and  HC1> 

The  iodides  of  silver,  mi  rcnry,  and  copper  cnnncrl  be  aci  in 

must  be  specially  treated,     They  should 
!   in  the  least   possible  quantity  of  sodic  thiceulphate 
solutio  ._,  with  sodic  Bulphide,  then  fiJ 

ins  the  whole  of  the  iodine  free  from  metal     Tht 
evaporated  t"  dryness  and  ignited,  then  tli 
illed  with  a  gooi 
■  ■    ell  |37> 

2.     Mixtures    of    Iodides,    Bromides,    and    Chlorides. 

</.  a.  c.  xix.    10)  has  shown  that  iodine  mav  be 
by  distillation  in  the  presence  <>f  other  halogen 
ol  ;i  solution  containing  about  -  t--  ;s  per  cent  "f 
*  hromic  acid,  free  from  Bulphi 

In  ;i  dldes  ami   chlorides   together  tin-  action   i« 

i  i.  and  ih«*  whole  of  tin-  iodine  may  be  received  into 

wlide  with' nit.  any  interference  from  the  chlorine. 

In  tin-  case  "1  bromidi  -  being  present,  tin'  i  hromic  solution  must 

aore  dilute,  and  the  distillation  must  not  be  continued 

noon  than  two  "i  three  minutes  after  ebullition  baa  wOTtmanced, 

otherwiae  ;<  small  amount  of  bromide  is  decomposed. 

Tin*  ii  tip*  raw  .if  potassic  iodide  may  !.*■  expressed 

6X1  h  N    0      [•+Crt08+3KaCriOT. 

on  maybe  made  in   Mohr'a  apparatus  (fig.  30), 
ibout  50  <  .i  .  "1'  chromic  solution  for  about  0'3  gin.  I. 
tion  i<  made  with  thfionilphate  in  the  usual  wa\ 
A  much  less  troublesome  method  of  estimating  iodine  in  the 
re  of  bromidea  or  chlorides  has  been  worked  out  bj  i 

1885,    171),   and  depends  on   the   fact  that,  hydrogen 
dine  completely  from  an  alkaline  base  in  the 
if   excess  of    bj  stic  acid,   while   neither  bromine  nor 
chlorine  are  affected. 

Hydrogen  peroxide  alone  will  only  partially  liberate  iodine  from 

ii!  iodide,  !■  i!  with  ■  "f  ii  weak  org  mi        id  to  combine 

with  the  alkaline  hydroxide,  the  liberation  is  complete.     Strong 

i  u  Diust  not  !'•■  used,  or  bromine  and  chlorine,  if  pi 
would  also  1"-  set  1 

7*i*  AmatytU:    The  solution  i*  itTOQgty  acidified  with  aceti 

•■  the  iodine  <:>  r.c    wil 

[.•r  1   pa.  KIi.     Tli"  mixture  is  allowed  to  stood  from  half  an  boor  to 

whole  "l   the  iodine  trepan  I  in  the  *<>li«l  -t  it.- 

tidcrnblc.     Chloroform   i-  now  added  in   sufficient 

dissolve  the  iodine,  the  solution  syphoned  off,  sod  the  globule 


f.iiu  to  0*0002  gm.  Tin-  pToaonoo  of  pirfanfai  i»i ■  >m i'l--  liberates 
traces  of  bromine,  and  consequently  increasea  the  AsO\  and  gives 
apparenl  axoaaa  >-f  iodine,  tin-  mean  error,  being  0*0008  gm.  for 
■o  ran.  of  bromide. 

The  simultaneous  action  of  tin-  chloride  and   lnuini.tr   tends  of 

■  to  neutralise  the  error  due  bo  each.    Thus,  in  a  mixture 

weighing  about  i'S  gm.  and  consisting  <>f  sodic  chloride,  potaaaic 

bromide,  and  potaaaic  iodide  in  equal  parte,  the  mean  error  amounts 

to  -0*0003  gin.     The  largest  error  in  tin*  series  is  +0*0016  gnu, 

when   tin-   bromide   was  at   its   maximum,  and    no  cliloruh-   VM 

il  tli«-  next  largest  was  -0*0013  gni.T  when  the  oUoilde 

i  mm  ami  im  bromide  was  present. 

Prom  i  series  oi  experiments  detailed  in  tha  original  paper,  it 

was  deduced  diet  the  amounl  of  iodine  to  be  added;  in  each  ease, 

may  h    obtained  by  multiplying  the  product  of  the  weights  in 

pna  of  aodic  ohioride  and  potaaaic  iodide  by  the  constant  0*00-4  ; 

lad  Kha  amorant  to  b«  subtracted,  by  multiplying  the  weight  in 

grams  of  potaaaia  bromide  by  0*0018,  but  in  order  to  make  use 

pf  tli.  se  .  iomctionB,  tlie  approximate  nmoimts  of  these   salts   mu-t 

rwn. 


Titration   with.   10   Silver  and  Sulphocyanate. 


TV  sulphocysnate  and  silver  solutions  ata  described  in  j-j  39. 

Tin-  iodide  is  dissolved  in  300  of  400  rimes  its  weight  of  water 
in  a weUrfitoppereil  flask,  ami  ,sr,  silver  delivered  in  f rom  the  burette 
With  constant  shaking  until  the  precipitate  coagulates,  showing 
tliut  silver  is  in  excess,  Ferric  indicator  and  nitric  acid  ate  then 
a'Mi.,1  in  proper  proportion,  and  the  excess  of  silver  estimated 
**y  ettlphocyanabe  as  described  in  .^  39. 


», 


**   Oxidation  of  combined  Iodine  by  Chlorine  (Golfier  Bcaseyre 
and  DuprA). 

Thin  wonderfully  sharp  method  of  estimating  Iodine  depends 

'^"'U    Its  conversion  into  iodic  acid  by  free  chlorine.      When  a 

fl"lutitl]i  of  potossic  iodide  ia  treated  with  successive  quantities  of 

*hloarine  water,  first  iodine  is  liberated,  then  chloride  of   iodine 

1)   formed.      If   starch,  chloroform,  henaola,  or  bisulphide  of 

n  be  added,  the  first  will  he  turned  blue,  while  any  of  the 

rthsurswil]  be  coloured  intense  violet    A  further  addition  of  chlorine, 

m  Mafficsent  quantity,  produces  pentaohloride  of   iodine  (I'" 

•--r,  us  \vat<r  is  present,  iodic  acid  (l():iH).     No  colouration  of 

»  shove  Bubstanoes  is  produced  by  these  rxttrjpounds,  ami  the 

.■  with  which  the  reaction  takes  place  has  been  made  use  of 

by  Golfier  Besseyn    tnd  Dupre1,  independently  of  each  other, 

I  estimating  iodine.     The  former  suggested  the  use 


IS 


VOLrMMi 


rej>eate<lly  «  > 

:   with  thioaulphate,  with  or  with- 
If  the  peroxi  I  ample  telj  removed  b>  « 

aodio  iodide  pfodnoed  in  toe  titration 

Tin  btained  by  (-"<.k  in  mixtures  of  bmmid 

and  chlorides,  were  about  99  per  cent,  of  tin-  i*>* 
fiu. nil  nii<i   Browning  (Anw.  Jiuti 
< '  X.  IxL  Jish  u  met] 

in   halo  of  tin-  alkalies  which  l 

which  is  based  on  the  fact  tin" 
lacerate*  iodine,  becoming  itself  reduci  d  1 
to  tl)<  i 

H»AbO*+3HI-B  2L 

-  of  experimente  are  detailed  in  I 
paper,  the  outcome  of  the  whole  being  Htunmuruted  in  thn  fo] 
process: — 

r*r  Analyst'*:  The  substance  (which  should  not  contain  of  chloride  more 
than  nn  nnumnl  corresponding  to  0*5  xin.  of  sodic  chloride,  nor  of 
more  t!  |  onus  to  0'5  gm.  nor  of  iodii 

more  than  the  equivalent  of  0*5  gm,  of  potaasi 

in  an  Krlenmcyor  beaker  of  #00  c.c.  capacity,  and  to  the  solution  ire 
added  2  Km.  of    poUssic  binareeniato  dhttolVtd   w  water,  and  20  « 
mixture  of  sulphuric  acid  and  water  in  equal  volnm 

increase  the  total  volume  to  100  c.c.  or  ■  little  more.  A  platinum  spiral  i* 
introduced,  ■  trap  made  of  a  straight  two-bulb  drjing  tul»e,  cut  off  snort,  Is 
huntf  with  the  larger  end  downward  in  the  neck  of  the  flask,  and  tlu!  liquid 
is  boiled  until  the  level  reaches  a  mark  put  upon  the  (task   tti 

1         of  35  t\r.     Great  eon  should  be  I  -  press  the  1 1 

beyond  this  point  on  account  of   the  double  danger  of  losii 
chloride  and  setting  up  redaction  of  the  antoniate  by  the  bromide.     On  the 
Other  Iwitui,  though  86  >\r.  i«  the  ideal  volume  lo  he  attained,  failure  10 
concentrate  below  40  c.c.   introduces  no  appreciable  error.      Tlie   liquid 
remaining  is  cooled  ami  nearly  neutralized  by  iodic:  hydrate  (am 
equally  good),  neutralisation  is  completed  by  potawic  bicarbonate,  a: 
of  20  c.c.  of  the  saturated  solution  of  the  latter  u  added,  and  the  oj 
oxide  in  solution  U  titrated  by  standard  iodine  in  tb< 

"With  ordinary  can-  the  method  is  rapid,  reliable,  and 
cxecuUd,  and  the  error  is  small,     In  analyses  requiru 
accuracy,  nil  but    iccidenta]  errors  may   be  eliminated   from   the 
results  by  applying  tin-  eorrections  indicated 

The  indicated  correctionii  are.   Imsed  on  n   Ion] 
pertinents,  which  cannot  well  be  given  here,  lm1 
be  stated  shortly  as  folio wa: — 

When  no  chloride  or  bromide  is 
estimated  with  a  mcnn  error  of  0*2  m.gm.  in  0'f»  .  f  tlu 

alkaline  iodide,     When  sodic  cldoride  is  present  tin-: 
ncy  in  iodine,  which  is  proportional  t<>  the  amoun 
decomposed.     For  nhnut  <»--r>ii  gm.  Lide  and  0 

of  sodic  chloride  the  deficiency  in  iodine  amounted  t-»  0*0011  gn». 
When  the  iodide  is  il  ay  to  4ine-tenth  or  1 
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falls  t«>  0'0002  gBL    The  pwBe» f  *totassic  bromide  liberates 

traces  of  bromine,  and  consequently  inmwim  tin-  AsO1,  ami  gives 
ftpfperent  cxi'i'ss  of  iodine,  the  mean  error  being  0*0008  gm.  for 
0*5  gm.  of  bromide, 

Th»-  simultaneous  notion  of  the  cUoride  and  bromide  tends  of 
ooone  to  neutralize  the  error  due.  to  each.  Thim,  in  a  mixture 
bout  I  '5  gm.  and  consulting  <>f  booHc  chloride,  potassiu 
bromide,  ami  p<  I  lide  fan  equaJ  parte, the meao  enrar amonnta 

to  -00003  gin.  The  largi  arror  m  the  taries  is  +  0-0016  gm,, 
when  [he  bromide  maximum,  and  no  chloride  was 

present;  and  the  next  largest  waa  -OOol.'t  gnru,  whan  the  chloride 
was  at  iu  maximum  ami  no  bromide  was  [iprrmml 

From  a  aeriee  "f  experimenta  detailed  in  the  original  paper,  it 
was  deduced  that  the  amount  nf  iodine  to  be  added,  in  each  case, 
may  be  obtained  by  multiplying  the  product  of  the  weights  in 
*nuu  of  aodic  chloride  ami  potassi<  i..dide  by  the  n>n»Uiut  0*004; 
rand  the  amount  to  be  aobtnovNl,  to  multiplying  th»r  weight  in 
gzeana  of  i  !<-  by  0*0016;  but  a  order  t«>  maxeuaa 

•  if  tip  tioDB,  the  approximate  amounte  of  these  suite  must 

l>e  known. 


3.     Titration   with    10   Silver   and    Sulphocyanate. 

Tin*  aojphocyanate  and  silver  solutions  are  described  in  §  39. 

The  iodide  is  dissolved  in  300  or  400  times  its  weight  of  water 
in  a  wrll-sto|t|K'i ed  flask,  and   ,?,(J  silver  delivered  in  from 
with  '  baking  until  the   precipitate  coagulates,  showing 

that  silv.  r  ifl  in  •  recess.  Ferric  indicator  anil  nitric  acid  arc  then 
added  in  proper  proportion,  and  the  excess  of  silver  estimated 
by  solphocyanate  aa  described  in  $  39. 


4.    Oxidation  of  combined  Iodine  by  Chlorine  (Golfier  Besseyre 

and   Dupre). 

This  wonderfully   sharp  method   of    intimating  iodine  depends 

upon  it**  conversion  into  iodic  acid  by  free  chlorine.  When  a 
solution  of  potassic  iodide  is  treated  with  successive  quantities  of 
ohlorine  water,  first  iodine  is  liberated,  then  chloride  <»f  iodine 
(IC1)  formed.       If   starch,  chloroform,  benzole,  at  bisulphide  ad 

dded,  the  Krst  will  be  turned  blue,  while  any  uf  the 

others  will  be  coloured  intense  violet    A  further  addition  of  ohlorine, 

-utti<i"iit  quantity,  produces  pentachlnride  nf    iodine  ( K_"lr),  or 

rather,  as  water  is  present,  iodic  acid  (ICHH).     X louration  oi 

the   aln.ivo  substances  is   produced   by   these   coi  and   the 

accuracy  with  which  tlie  reaction  takes  place  has  been  made  use  of 
by  Golf ior  IJesseyro  and  Dupre,  independently  of  each  otj 
for  the  purpose  of  estimating  iodine.     The  former  snggasted  the  use 
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water.     Dnpr^'s  method  is  preferable 

Ei.implr  -   30  r.c.  or  weak  rhlurine  water  were  put  into  a  beaker  with 
potaanc  iodide  and  starch,  and  then  titrated  «  I  hta,  of  wlm  Ji 

were  required. 
10  ■  i    of  solution  nf  potawic  iodi 
put  into  a  rtnppered  bottle,  chloroform  added,  mid  i! 
above  delivered  iu  from  the  burette,  with  constant 
colour  of  the  chloroform  had  disappeared;  the  quant il  ■  6 

oaaaj  (»r  chlorine  wan  then  nscertrune-l  rbonalr, 

jmUwic  Iodide,  and  starch.     A  ifigbt  blue  colour  occurred  ,  tbfc 
by  i*a  1hiosulj»hate.  of  which   1*3  ejB^WSJ  u*ed.     Now  "f   Chi 

solution  required  17  e.c,  the  s 
■ulphate.     From  this,  however,  must  bo  dfldunton  the   l  ;.'  ■  ..  in  excess, 
V,  -4' 7 41'  '■-■•.  of  ".,  wlutiou,  which  mul 
■  of  mini  eq.  (I  eq.  ■ 
0*00066  gU.  iodine  instead  of  O'L'l 

Miiln-  suggests  a  modificati f  this  method,  which  >lispei 

with  the  om  *>i  ohlom  othea  siiniki  ■■-. 

The  weighed  iodine  compound  is  brought   into  a  stoppered   flask,  and 
chlorine  water  delivered  from  a  large  burette  until  all  re 

['1-oared.     A   drop  ««f   the  mixture   broughl   in   contact    with   a 

must  produce  no  blue  colour;   boujc  bicarbonate  is  thou  added 
till  the  mixture  ta  neutral  or  slightly  alkaline,  together  with  pot:i- 
-torch;    the  blue  colour  if  then  removed  by    "»  thioaulpfa 
aVrangfh  of   the  chlorine  water  being  known,  U  *>  no 

difficulty, 

Mohr  obtained  by  tlii>  means  0*010108  gin.  iodine,  Lnel 
1-01  gra. 


6.     Oxidation  by  Permanganate     Eoinige-  . 

Tli i>  process  for  estimating  iodine  in  presence  «if  bro 
chloride*  gives  eatiafa  ults. 

Winn  potassic  i<nli»lt-  and   p 
colour  *>f  tin-  Utter  disappears,  a  brown  precipitate  <*f  irnrgtiftr* 
peroxide  results,  and  free  potash  with  pota 
solutioa     1  eq.  I-  126*6  reacts  on  1  oq.  K'MiW    316,  thai— 

C3  +  K--'Mir-(r-KI*»  +  K*0  +  2MllO* 

Heat  accelerates  the  reaction,  and  it  is  advisable,  nspeciallj    with 
weak  solutions,  tn  add  a  small  quantity  of  i 

■  -o  the  alkalinity.     No  organic  matter  must  be  pn 
The  permanganate  and  thiosulphate  solutions  .  L  in  the 

process  may  conveniently  boof  A  strength,  but  t!.  >n  upon 

each  other  must  be  definitely   fixed  by  experiment  as  follows;— 
2  c.c,  of  peimangnnate  solution  diluted  with  watci 

drojis  of  iodic  carbonate  added,  and  the  thiosulphate  added  in  very 
small  portions  until  the  rose  etduur  is  just  discharged.     Tin- 
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.  iv    produced    by  this   precipitation   of    hydrated    manganic 
need  not  interfere  with  I  itionof  the       d    toinl 

The  Anal  if  Mia :  *V\w  iodine  rornpound  being  diwolved  in  water,  and  always 
i  only  in  combination  with  alkidine  or  earthy  bases,  is  heated  to 
boiling,    rendered    alkaline   with   sodir   or   ponttdc   '-irbonato,   and 
permanganate  added  till  in  distinct  excess,  best  known  by  removing  the 
liquid  Trum  the  tire  for  a  minute,  when  the  preci]  taring 

Mn-  upper  lit|iiid  ro«e-oii  whole  m:iy  then  be  ]>oured  inln  ■  BXJO-ejO, 

flask,  cooled,  diluted  to  the  mark,  and  100  0.0,  taken  out  for  titration  with 
i  int  hi  used,  being  multiplied  by  5,  will  give  the 

PfJDUaruon    required    for  the   whole  liquid,   whence  ran    be  mlculatod   the 
of  iodine.    To  prove  the  aceuraey  of  the  process  in  a  mixture  of 
aides,  »nd  chlorides,  with  excess  of  alkali,  the  following  experi- 
ment was  audi .     7  gin.  comroerctal  potassio  bromide,  the  same  of  sodie 
■!i  of  potassio  hydrate  aud  carbonate,  were  dissolved 
a  convenient  quantity  <>!  water,  nml  heated  to  booing;  permMganate  wm 
added  cautiously  to  destroy  the  traoos  of  iodine  ami  other  impurities 
permanganate  so  long  aa  decoloration  took  place;  tin-  -lightest 
natc).     To  the  mixture  TO then 
gm. para  J4Hlinef  sod  the  titration  continued  as  described  :  t lie  result 
0126  gm,  I. 

With  sv*temati<    solutions  of   permanganate  and   tfaiosalphnlfl 
:  ition  i*  .i-  fallows 


lution  =  o-U12G5  gra, 


.  I. 


6.     By  Nitrous   Acid  and   Carbon    Bisulphide    (Fresenius). 

Tliis  pfooBBB  requires  the  following  standard  solutions: — 

(ti)     PotDsne  iodide,  about  ">  gm,  per  liter. 

(/•)    Bodic  thioeulph  normal,  13*4  gm.  per  liter,  or  there- 

icid,  prepared   by   paaeing  the  gu  into  toll 
id  until  saturated, 

!l      el      I  i>ii  bisulphide. 
Solution  of  Sod  onate,  made  bj  dissolving  6  gm,  of 

tip  -Milt  in  1  liter  of  water,  and  adding  1  «-.<■.  of  hydrociuoric  acid. 

Tlir  strength  of  the  sodic  fchiosjulphate  in  relation  to  iodine  is 

■   .i-i  i-it.iiiicil  by  placing  ">0  r.c.  of  the  iodide  solution  in 

flask,  then  ultoul   150  cc,  water,  'JO  c,c  carbon 

dilute  sulphuric  acid,  and   lastly,  10  drops  of  the 

solution.     The  stopper  is  then  replaced,  and  the  whole  well 

to  allow  i  Liquid  to  settle,  and  the  rape*. 

liquid   [KUtred   into  utiuther  elenn   flask.      The  carbon  biaul- 

i  '  three  or  four  tint'  ■  ly  with  water  in 

till  the  free  acid  is  mostly  removed,  the  washings 

(LI  mixed  in  one  flask  ;   10  cc.  of  bisulphide  are  then  added 

thing*,  well  bIi  iken,  and   if   at  all  coloured,   the  same 

prooe>-  king  is  carried  on.     Finally,  tip-  two  uuantttiea  of 
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bisulphide  are  brought  upon  a  moistened  filter,  washed  till  free 
from  acid,  a  hole  made  in  the  filter,  and  the  bisulphide  which  now 
contains  all  the  iodine  in  solution  allowed  to  run  into  a  clean  small 
flask,  30  c.c.  of  the  sodic  bicarbonate  solution  added,  then  brought 
under  the  thiosulphate  burette,  and  the  solution  allowed  to  flow 
into  the  mixture  while  shaking  until  the  violet  colour  is  entirely 
discharged.  The  quantity  so  used  represents  the  weight  of  iodine 
contained  in  50  c.c.  of  the  standard  potassic  iodide,  and  may 
l>e  used  on  that  basis  to  ascertain  any  unknown  weight  contained  in 
a  similar  solution. 

When  very  small  quantities  of  iodine  are  to  be  titrated,  weaker 
solutions  and  smaller  vessels  may  be  used. 

7.     By   jq    Silver   Solution   and   Starch    Iodide    (Pisani). 

The  details  of  this  process  are  given  under  the  head  of  silver 
assay  (§  70.2),  and  are  of  course  simply  a  reversal  of  the  method 
there  given.  This  method  is  exceedingly  serviceable  for  estimating 
small  quantities  of  combined  iodine  in  the  presence  of  chlorides 
and  bromides,  inasmuch  as  the  silver  solution  does  not  react  upon 
these  bodies  until  the  blue  colour  is  destroyed. 

IRON. 

Fe  =  56. 

Factors. 

1  c.c.  -yjj  permanganate,  bichromate, 

or  thiosulphate  =  0*0056  Fe 

=  00072  FeO 
=  0*0080  Fe*0» 

ESTIMATION    IN    THE    FERROUS    STATE. 

1.     Verification    of    the    standard   solutions   of    Permanganate    or 

Bichromate. 

§  59.  The  estimation  of  iron  in  the  ferrous  state  has  already 
been  incidentally  described  in  §§  31,  32,  and  33.  The  present 
section  is  an  amplification  of  the  methods  there  given,  as  applied 
more  distinctly  to  ores  and  products  of  iron  manufacture ;  but 
l>efore  applying  the  permanganate  or  bichromate  process  to  these 
sulwtances,  and  since  many  operators  prefer,  with  reason,  to 
standardize  such  solutions  upon  metallic  iron,  especially  for  use  in 
iron  analysis,  the  following  method  is  given  as  the  best : — 

A  piece  of  soft  iron  wire,  known  as  "  flower  "  wire,  is  well  cleaned  with 
scouring  paper,  and  about  1  gram  accurately  weighed ;  this  is  placed  into  a 
250  c.c.  boiling  flask  a,  and  100  c.c.  of  dilute  pure  sulphuric  acid  (1  part 
concentrated  acid  to  5  of  water)  poured  over  it;  about  a  gram  of  sodic 
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biouiK'i  id  the  apparatus  fixed  together  a*  in  liir  35,  tbe 

pinch-cook  n  The  Bou  n  [i  dosed  by  n  tight-fitting  bads** 

rubber  stopper,  tin  h  is  passed  tho  bout  tube.    The  flask  c  contaius 

20  or  90  itilled  miter  ;  the  Sack  «  being  supported  over  u  lamp 

la  gently  heated  to  boiling,  ami  kept  at  this  temperature  until  ill  the  iron  U 

dissolved ;  meanwhile  al"  of  distilled  water  are  boiled  in  a  separate 

vwwl  lo  Bmll  air,  and  allowed  to  cool.     As  soon  as  tho  iron  is  dissolved, 

the  lamp  is  removed,  and  the  pinch-cook  closed;  when  cooled  somewhat,  fin 

opened,  and  tho  wash  red  to  flow  buck  together  with 

led  water,  which  wadded  to  it  until  the  flask  is  Ailed  iit-:irl  v  to  tho 

mark.    The  apparatus  is  then  disconnected,  and  the  flask  a  securely  corked 

■olid  rubber  cork,  nod  suffered  to  boo]  bo  tin;  temperature  of  toe  reran. 

Anally,  tbe  flask  is  filled  exactly  to  the  mark  with  the  boiled  water,  and  the 

whole  veil   shaken  and  mixed.     "YYlieu  the  small  portion  of  undissolved 

carbon  has  Htboided,    ""  ' ''     '  l|li:,l  to   {   tho  weight  of  irou  taken,  tuny  lie 

f  with  til.-  pipette  for  titration  with  the  perm  tt  bichromate. 

Jn  the  oon  of  permanganate  the  50  c.c.  are  freely  dilute!  with  freshly 

led  distill  •■■>•[  the  standard  sohitiou  can' 

from  a  tap  burette,  divided   into  ^  o.c,  until  the  rose  colour  is    faintly 
ired. 
In   tbe  caee  of  bichromate  the  solution  should  be  less  diluted,  and  tbe 
titration  conducted  precisely  as  in  §  33. 


i.i  of  the  two  Husks,  many  operators  use  a  single  flask;  fitted 
with  caoutchouc  atopper,  through  which  a  straight  glass  tube  tfl 
passed,  fitted  with  an  mdia-rubber  slit  valve  (known  as  Buueen's 
valve),  which  allows  gas  or  rapour  to  pass  out,  but  closes  by 
ataioepherk  pressure  when  the  evolution  ceases. 

If  the  solution  of  permanganate  or  bichromate  have  been  carefully  pre* 

fmred   b\  weighing  the  purest  reagent*,  the  probability  is  that  they  will  be 

found  exact  in  the  titration  when  conducted  as  just  described,  allowing  for 

■   impurity  in  metallic   iron,  which  may  he  taken  at  0  4  per 

□  order  to  be  absolutely  secure  in  the  working  power  of  the 

.it  is  well    to   prove   them  thoroughly,  and  in  case  non-systematic 

■olutioi  I   it  ieof  course  absolutely  necessary  to  do  so.    Therefore, 

tt  1050  gm.  of  iron  lion  been  dissolved  as  above  described,  and 

the  mean  of  three  separate  titrations  has  shown  that  213  0.0.  or  permanganate 

i  mired,  the  amount  of  purs  iron  oouvsmd  i>y 

lotion  is  found  a*  follows: — 1-'^*  =  0"2lO  gm.  of  iron 

-  not   pon-  iron,  the  following  correction   i>  necessary — 

m  .  which  i>  the  actnal  weigbl  of  pure  iron— heuce 
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by   the  aquation  iri:i  o.c. :  0-20916  gm 

li  j-onnaiiLiui.tii'  repre* 
inm. 

donble  iron  salt  {]».  106)  i*  a  most   convenient  i 
taudord  ^ »liiti« »ns,  hut   it  must    )•■■  hum 
from  pun  materials,  dried  perfectly  in  the  granubj  I  kept 

be  light  in  Mn. ill  dry  bottles,  well  closed.     In   this 
will  keep  for  yean  unchanged,  and  wily  needs  iminedin 
Even  iti  tic  r  1  m-  salt  not  1> 

oxide,  due  to  faulty  preparation,  if   it  b 
thoroughly  dried,  and  kept  as  above  described,  il 

■     found  by  comparison  with   tnetalli 
e  factor  found  far  weighing  if  in  system. 

One  cardinal  point  must  never  !«'  forgotten  ;  namely,  1 1 
compounds  arc  much  more  stable  in  sulphuric  than  in  hydrocldoric 
acid  solution,  and  whenever  possible,  aulphurii 
.i-  Hit-  solvent     When  hydrochloric  acid  must  be  used,  msngenooe 
or  rnagnask  sulphate  should  invariably  be  added* 


2.    Direct  Estimation  of  the  Percentas-e  of  Pure  Iron  in  Steel,  Cost 
and  Wrought  Iron,  Spieg-eloisen,  Ores,  etc.  (Kohr's  Method:. 

Enstead  of  the  hitherto  common  method  of  separately  estimating 

the  impurities  in  samplee  of   manufactured   iron  ana  steel,  this 
process  is  adapted  (•>  the  delicate  estimation  >>f  the 
ii  similar  in  principle  t<»  the  assay  <»f  silvei 
method  ;  tlutt  i^  to  say,  the  analysis  is  so  arranged  that  ' 
■  ^  shall  be  •■'■■■  lired 

Tin-  standard  solutions  of  notassic  bichromate,  «»f  which  thi 
two,  an*  s< i  pi. -ji Mt'il  tint  100  c.c.  or  dm.  of  the  first  will  i 
convert  respectively  1  gm,  or  1<>  grains  of  iron  into  ferric 
second,  or  decimal  solution,  is  one-tenth  the  strengtli  of  trie 

The  solution  oi  I  ate  No.  I  is  prepared  by  d  8'77S 

gm,  of  the  pure  salt  in  1  liter,  or  ^7-7:!  grn.  in   10,000  grains  of 
distilled  water  .it  16"  C.    The  decimal  solution  No.  2   -  mods  by 
taking  100  c.c.  of  No.  1  and  diluting  it  to  1  liter,  or  10" 
10,000  grains;  therefore — 

1  cc  or  dm.  of  No.  1  =0Ol  gin 

1  cc  ordox  of  No.  2  —  0-001  gin.  or  0O1  grn.  ditto, 

Thr  Analytii ;  Tin-  simple  "T  iron  to  be  examined  isreduc  vdof  i» 

ned  steel  mortar,  or  if  in  the  form  ol  wire,  or  in  :i  -it  into 

small  pieces,  unci  exactly  105  (jm.  or  105  urn 
into  toe  apparatus  fig.  36,  or  nome  similar  on 

pure  hydrochloric  or  sulphuric  racid.     When  u  b  aeeompHahed 

ItX)  r.r.  t»r  ilm.  of  bidiromstte  solution  No.  1    (VonUiuiiiK  OS' 

:  tin  lirnrn;tii-.  which  i-  exactly  auftmii  nt  to  \«  mxide  res-j 
i   or  lu  tfru.  of  pure  iron)  are  added:  tli"  ileeiniiil  solution  is 
from  a  small  burette,  until  u  drop  of  the  mixture  brought  in  < 
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pad   pots  .■<  a  blue  clour.     Tin-  uwtyrifl  Bl 

d  the  usual  i 

i  05  gm.  of  Bessemer  steel  mw  dissolved  in  pure  sulphuric 
tout,  100  ao.  of  bichromate  No,  1  added,  and  afterwards  3'.*  o.c,  <•[  No,  2 

l*09B  guv  "i 
atuoed  in  the  1*060  gm.  taken  far  analysis,    This  is  equal  to 
per  thousand,  or  9B"W  per  i 

[nstendof  til*  ib  here  described,  1 1 1  •  -  ordinary 

deciiiorriuJ  find  rent  i  normal  eolutioua  "f   bichroinBte  "i   pgnnan- 
may  be  etnpli  I  ;>  eq  ml    u  curej  J      A  i   1 1 "'  ■ 

equal   t-»   0*56   Liu.   of  pure   iron,  it   is 

!        onicwhaf   more  than  this  quantity  of  the  atunplo 

should  be  weighed,  say  0*58  or  0*o*0  gm,     100  cc  of  decinozmaJ 

solution   lire  then   added,  and    the  analyau   completed  with    the 


8.      Reduction    of    Ferric    Compounds    to    the    Ferrous    State. 

Tlurj  maybe  ■ooampliahed  bymetallio  sine  or  uiagnetium, for  use  with 

i.,   or  by   Ktnnnous   chloride,   fnr  bichromate   solution,    Some 

icing  agcarte,  euob  as  sodio  sulphite  or  Urlosahpoate, 

vulphide  or  amnsoDtc  stuphide,  etc.,  but  the  sino  or  tin  natai 

unl  better.     The  magnesium  method  Is  elegant  and  rapid  bul 

Iii  km  oaaa  of  zinc  ln-inir  umm],  the  metal  luu.-t  either  be  free  from  iron,  or  if 

ay,  the  exael  quantity  must   be  known  and  all* 

further,   the  pieces  of   sine  used  nrosi   l*1  entirely  dissolved  before  the 

enlutiofl  '  *     In  the  ease  of  stonuous  chloride  the  solusioo  must  be 

clear,  K  I  ■       made  to  contain  10  to  15  gm.  per  liter,  as  directed  in  §  33. 1. 

The  poiul  of  asaot  reduction  in  the  boiling  hot  liquid  may  be  known  very 

olour  in  the  ferric  solution  :  but  may  be  made 

wire  by  the  u.«o  of  a  freahlyinada  solution  of  potaaak  aabhaoyanidc  spread  in 

ii  i  white  plate,  care  beiuu  taken  to  lo<e  no  time  in  bringing  the  drop 

«»r  iron  in  order  to  avoid  re-oxidation  from 

the  air.    The  occurrence  of  a  bunt  pink  tinge  may  be  accepted  asau  evidence 

of  the  proper  point.    Whan  taia  occurs,  two  or  three  drops  of  the  standard 

nit.    maybe  addwl  to  the  solution,  and  another  test   nude;  if  this 

IWB    "  it    nevertheless   diMin  □    of    OOlour    with    the 

aide,   the  absence  of    stannous  mIi    in  e.u>.-Ns  i*  proved,  and  tin* 

menced  :it  once. 

When  btchroutote  i-  used,  Atkinaon  (C.  -V.  xlvi  217)  strongly 
L>f  amronnic  bisulphite  aa  the  reducing   i 
i  tgea  the  Dae  of  rtannouj  chloride,  owing  to  the  liability 
h  Bciency  of  the  rengeni     Ii'1  also  points 


on  dow  w  aiuab/a-iiate<1  line  in  conjunction  witb  platinum  foil  for 

but  *  i ■•»« -ru-al  difficulty  ocean   from  the  platinum  beoorainr  alao 

iroofh   contact  with    tho    zinc   find  irtoppimr  tb*  action.      Beebe 

I  tmganf  tbe   fullowtDR  convenient  nrrauirenjeut: — A  etrlp  of  tain 

:    rtiih   iiiu  bole*  nil    ffier,   then   Wnt   into  a 

i  eada  oonne-  •  -  i  iia  to  form  a  basket.     In  this  is 

amalgamated  one,  and  the  whole  auspemled  by  a  atout  platinum  wire 

Sank.     When  lowered  Into  the  solution,  ait"'  '■■  j-Utmuui   foil, 

1  in.  *nuai",  in  iliupi'iit  In  end  Waned  ■jc  rrj  lag  tlic  basket:  a  rer-jr  free 

•m  the  toil.    When  tbe  reduction  it*  complete, 
th*  liMkot   it  lilted  oulautl  ■...■.  I  it  a*  bed  into  tbe  beaker  containing:  tba  b-iuid  tone 


plavoed  a  ;- 1 

tt  llw»  rod* 
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out  I  recoramendable,  owing  I 

olout  produced  with  the  indicator.     Tin-  bundph 
loUowi ;     To  f!>-    acid  solution  ol 

added  until  a  faint  precipit  i 
Tliis  is  re-dissolved  with  b  few  drops  ><f  li' 
lution  "f  bisulphite  added,  ba  fahe  proporti 
1  f.c.  fat  eaoh  0*1  gm.  of  ore,  or  0*05  gm,  Fe.     Tin-  mixture 

<■{}  stirred,  boiling  idded,  then  acidified   with  «1  U 

sulphuric  actd,  on  J  boiled  for  half  an  hour:  ii  for 

I  in, 
1 ».  .1   Oa :  aegie  (./.  ( '  &  liii.  408)  points  oul  the  \  due  i  ■: 
duet  Bor  the  rapid   reduction  of  ferric  suluti 
following  method  <>f  carrying  it  out. 

Tito  bottom  of  b  dry  and  narrow  beaker  ia  covered  with  zinc 
dual  siftc.l  through  muslin.     A  known  volume  of  fi 
previ  iriy  neutralised  with  ammonia,  is  placed  in  Ui 

and  slmki-n  with  the  dnc  "lust;  then  a  known   rota  Ihrtt 

suhthurk  acid  ia  added  and   shaken  fur  a   few  momenta.      ] 
redaction  la  much  more  rapid  in  neutral  than  in  acid  .  but 

oootBfl  acid  in  this  caw  must  1"-  present  in  keep  tin* 

iron  in  eolation.     Carnegie  withdraws  a  portion  of  the  reou 
aoMtton  from  the  undissolved  tine  by  help  of  n  fill 

dbed  <'iii».  18,  and  as  measured  volumes  have  been 
aliquot  part  taken  with  a  pipette  may  be  at  once  titrated, 
amount  of  iron  found.* 

Clemeus  Jones  in  a  paper  read  before  the  American  Instil 
Mining  Engineers,  and  which  ia  reproduced  in  C.  .V.  be.  9 
the   plan   suggested  by   Carnegie,  and    has   designed    n 
apparatus  for  filtering  the  ferric  solution  through  a  column  ox  sine 
dust     This  arrangement  gives  complete  reduction  in  a  very  *\v>n 
period  "f  time,  and  I    whore  a  large  number  of  titrati 

have  to  be  carried  on. 


ESTIMATION    OF    IRON    IN    THE    FERRIC    STATE. 

1.     Direct  Titration  of  Iron  by  Stannous  Chloride. 

$j  60.     Tub  reduction  of  iron  from  the  ferric  to  the  ferroiu 
by  thif  been  preT  and  it  will  ba 

readily  seen  that  the  principle  involved  in  die  reaction  can  be  made 


•Commercial  zinc  dnst  is  probably  a  by-prMin*t  in  sine  manufacture,  and  ownot 
therefore  be  obtained  pare.    Samples  examined  by  mymdf,  and  aj<i*ri>ntlr  other*  also. 


do  not,  however,  contain  much  iron,  bat  a  rood  deal  of  tine  oxide  with  trace*  of 
r  Admin  m  and  lead,    Carnegie  state*  that  tho  oxide  maybe  removed 
digesting  with  weak  acid,  and,  still  IwUer,  by  treatment  with  amuionl 


cadmlnmutd  lead,    Carnegie  state*  that  tho  oxide  maybe  removed  by  repeatedly 
directing  with  weak  acid,  aud,  still  better,  by  treatment  with  aminoxii. 
ammonia,   the   well-washed   dost   being    finally   dried  on 


1  6ml  that  by  washing  once  with  strong  alcohol  after  the  water,  and  filially  m  ; 
the  dost  may  be  rapidly  driod  In  good  condition,  and  wben  a  rtuamity  of  snch  pufuled 
dust  is  obtained,  it «  amount  of  iron  may  easily  be  estimated  once  for  all,  and  allow**! 
for  in  titration.  Oood  sine  dust  is  undoubtedly  a  valuable  reagent  in  a  laboratory  foe 
other  purposes  beside  iron  titrations. 
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availaluV  fat  n  imatimi  <>f  Iron,  being,  in  bet,  simply  ft 

:  tht-  onliii  i  Hate  and  bicbi 

Fit  i  i  orded  :■.  m  ■!»•  on  tin- 

jM.int.-4  ..f  thi>  j»t  c  gives  it  as  liis  opinion  that,  with 

the  results  are  cjb  •>•.    Tin-  mimmaij  <>f  lim 

la  as  follows : — 

(«)    ,\  -ilutinn  of  feme  oxide  df  km  ill  is  first  prepared  by 

jjaolving  1004  pro.  -if  soft  iron  wire  (  =  10  irm.  of  pots  iron)  in  pure  hydro- 

ilorio  f  inplete  oxidation,  boiling  till  the 

Of  chlorine  i*  removed,  and  diluting  the  solution  to  1  liter.* 

A  clear  solution  of  stannous  chloride,  of  nail  streiurth  that  about  one 

dame  of  it  and  two  of  the  iron  solutiou  are  required  for  the  complete 

-ee  §  33.2). 

of  iodine  in  pofaurifl  hwlide,  containing  about  0010  frm. 

in  1  ex.  (if  the  operator  has  the  ordiu-iry  decinonnal  iodine  solution 

li:ind,  it  i-  I  i  >ns  are  as  follows : — 

(1)     1  or  2  Odd,  of  the  tin  solution  are  put  Into  a  beaker  with  n  little  starch* 

id   the  iodine  solution  added  from  a  burette  till  the  blue  oolomroocon; 

ie  quantity  is  recorded. 

of  the  iron  solution  (=05  gin.  of  iron)  are  put  into  a  r*mall 
with  a  little  hydrochloric  ;ieid,  and  boated  to  gentle  boiling  (preferably 
plate);  the  tin  solution  is  then  allowed  to  flow  in  from  a  burette 
itil  ttu  inr  of  the  solution  u  nearly  destroyed]  it  is  Hun  added 

>p  by  drop,  waiting  after  each  addition  until  the  colour  is  completely 
>t»e,  and  1h>  ■     If  thfi  is  carefully  muuagcd,  there  need  be 

io  more  tin  solution  added  than  is  actually  required;    however,  to  guard 

;    any  error    in    this   r-  lion    is   coolod,  a   h t ' I- 

added,  and  the  iodiue  solution  added  by  droj*  until  a  permanent  blue  colour 
is  obtained.  As  the  strength  of  the  iodine  solution  compared  with  the  tin 
has  been  found  in  1.  the  excess  of  tin  solution  oorreoponarog  to  the  iodine 
u«ed  in  deducted  from  the  original  quantity,  so  lhat  hv  this  means  the  volume 
of  tio  solution  corresponding  to  0*5  gin.  of  iron  is  found. 

Tl perator  i*  therefore  now  in  a  position  t»»  eetimat< 

wm  quantity  «>f  iron  which  may  exist  in  a  given  solution,  in 

w   111C11118E  ».»f  the  solution  of  tiu.t 

If  the  iron  should  exist  partly  ot  wholly  in  the  state  of  ferrous 

side,  it  must  he  oxidized  by  the  addition  <>f  potassic  chlorate,  and 

»Qing  to  dissipate   the  excess  of  chlorine,  as  described  in  a,  or 

ritfi  hydrogen  peroxide. 

Exam  ,  of  iron  solution,  containing  0*5  gm,  of  iron,  required 

of  tin  solution. 
A  solution  oontaining  an  unknown  quantity  or  iron  was  then  taken  for 

*  A  ferric  *Un<]urd  may  alio  he  made,  a*  *ur?eetftd  by  French  {C.  K  ti.  271),  by 
itlf  nr~tirg'  S  writhed  amount  of  double  iron  aalt  in  dilute  fiulpbnhc  acid,  adding*  an 


tlM 


»»  Of  by  .J 

|-.T..*1.U  . 


droran  peroxide,  wanning  up,  sod  iiiurJly  boiling  to  dissipate  the  «i< 


1  F.  H.  Morgan  (Joam,  Anal  Chtm.  ii.  169"  points  oat  a  very  simple  and  assAd 
method  of  finding  the  -'nil  -noini  m  lilratiuif  iron  solution*  with  stannous  chloride 
vuhout  resorting  to  an  indicator.  It  consist*  in  using:  a  round  bottom  white  grloss 
dank  vobUjiung  toe  boiling*  lliuid  under  titration,  fixed  orerasnuUl  bluish -coloured 
Buninn  flame  at  a  distance  of  13  m. m.  in  a  darkened  room  or  a  dark  corner. 

Uahtaat  trace  of  unreduced  troa  exbiti,  o,  dtatfnet  green  colour  appeals  wheu 
at  the  faint  blue  ttaine  through  the  -olut  ion.     It  is  stated  that  one  j-art  of  iron 
be  recognUed  in  l.AQO.QOO  porta  of  solution  by  this 
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nimlyiis,  win.  b  required  20  I  i-iitly  a  rule-of-three  sum  £*re  tat 

roDoww; — 

25  :  U'50  go.  I      10  i  frM 

It  ma  nbered  that  the  solution  of  tin  it  tint  perm  i 

ijuentlv  it  in  -  \  day  afresh.     T  -*mry  ui 

ovdar  do  ennui  n  oua  ite  rofuHs. 

(it     The  iron  solution  must  I*1  tolerably  eonee  i1  i    end  of 

the  reduction  by  low  of  colour  in  more  distinot ,  and  further,  the  diU 
the  li'i  lid  ctent  interfere*  a  solutiaa  necesmrt 

Fresenius  fi  i  y  dilating  I 

iron  mhitjon  with  80 ao.  of  distilled  w*l  I 

in  the  -1  state,     This  i*,  bo* 

chloride  in  ■  »k  point  in  Strc 

1 .  -i-  by  it*  d 

(2)     The  addition  of  tin  tin  solution  to  the  iron  must  be  v>  n 
only  a  very  BBlU  QU intity  «»f  Iodine  is  DOOeMHy  to  estimate  1 

iot  done  another  source  of  error  steps  in,  namely,  th 
dilution,  on  the  one  hand,  or  the  presence  of  great  or  -mull 
mi   the  other,  nre  known  t<<  exepi.-e  over  tl 
dry,  it  was  found  thai  whore  the  addition  of  tin 
i  rated  iron  solution  wis  cautiously  made,  n  that  the  Dolour  was  hut 
diadnvrgfjd,  the  mixture  tflj  oooled,  tterofa  added,  aud  theu  iouiuc 

till  it  became  blue,  the  est&mafeloa  m*  extremely  accurate. 


2.     Titration  by   Sodio  Thioaulpbate. 

8chereT  first  the  direct  ti  UrJo- 

sulphate,  which  latter  was  added  to  n  solution  of  fen 
until  no  further  violet  colour  was  produced.    This  ww  found  bi 
many  to  be  inexact,  but  Kren  t  Chmn.  .- 

339)  has  made  .i  aeries  of  practi  ill  of  which 

is  that  tin-  following  modified  method  i  an  amended. 

Thn  reaction  which  takes  place  is  such  as  to  prod 
chloride,    soil  and    sodie   uhloridt 

r  2HC1      smni-  +  4XaCl  +  2FeCl  .     The    thiosul] 
whicli  may  conveniently  he   of     *].  strength,   is  added  in   i 
and  the  ex<  I  rmined  by  iodine  and  starch, 

Th?  Aualt/ti* :  The  iron  solution,  containing  nol  more  than  1  i>er  rent 
i,  which  must  exist  in  the  ferric  *tate  without  any  i 
material  (best  obtained  by  adding  excess  .if  by 
till  theexoees  i*  expelled),  is  moderately  additied  with  hydn 
acetate  added  til!  the  mixture  is  red,  then  dilute  In  di 
rod  colour  disappears;  then  diluted  till  the  iron  amounts  !■>  i  •  i 
and  W  thiosulphate  added  in  c\«  [•«■-.  best  known  b>  throwing  in 
pottsaio  aulphocvanide  after  th  ,       .  ,  ,i 

any  red  colour  ore  tire,  more  thiosulphate  must  i     Btareh  and  Tv 

ire  then  a*  ertaui  the  oxcess.     A  mean  of  several  i 

taontl  g*Ys  100-06  Pb,  instead  ot  100. 

Oudemanns'  Method.—  A    simpler  princess   for  the   *: 
tiou  of    iron  by  thiosu]]>h»te  has   ' 
(Z.  a.  C.  vl  129  and  ix.  342),  wliich  ■ 
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Tit  Auulyf*.-   To  the  dilute  Funic  lOlution,  which  should  not  contain 

than  0*1   bo  ml'   _'in.   Pa  in   100  c.c.  nor  much  free  HC1,  3  0.0.  of 

m  of  oQprio  sulphate  aro  added,  'i  da  of  oonoootntcd 

hydrochloric  :niJ,  and  to  about  every  100  c.c.  of  fluid,  1  c.c.  of  a  1  per  cent. 

tolutiuri  of  potudc  soJpbocyiiuda. 

The    mixture   m;i\    with  advnuUjfO   1)0   very   slightly   warmed,  and   tho 

prod  in  from  tin-  burette  a1   first  pretty  freely.    The  red 

i         I  v  the  Fulphocyanide  gradually  Fades  an  -  occurs, 

the  lbio*u!pbato  must  be  added  in  smaller  quantities, rotating 

men  as  colourless  as  pure  water.     Ii  I  I  exists 

i  slight  exoeaa  <>f  thioHulphate  may  l>o  added,  and  the 
quantity  found  by  ^  iodine  and  starch.  Greater  urn  nicy  will  always  be 
insured  by  this  latter  methyl. 

Til--    i  "f   the  process  is  not   interfere.!   with   by  tin* 

•  •f  salla  *<i  tlm  alkalies,  Btrontia,  Lime,  magnesia,  alumina, 
i  !"  ;  neither  do  salts  of  nickel,  cobalt, 
[uontity  is  such  .i>  to  give  colour  to  the  Bolatloa. 
Tin-  process  i-*  n  rapid  one,  anil  with  cure  ^iws  v<-rv  satisfactory 
■  nits. 

An  improvement  on  fchia  has  been  adopted  by  Haawell, 

who  m  ooderately  acid  solution  of  the  ferric  chloride  in 

salt  with  a  few  drops  <»f  siMlic.  salicylate, 

pjad  tlern  reduces  with  thiosulphate  previously  standardized  upon  a 

known  quantity  of  iron  by  the  same  methoc^  and  Bsthnatea  tho 

a  by  bichronwt* . 

The  solutions  required  ore: — 

Lndard  Ferric  chloride. 
Standard  Sodic  thiosulph 
Standard  Potaaaic  bv  hroxnate,  dilute. 

hloride,  -  percent,  solution. 
Sodic  salicylate,  \  \  olution. 

n'jr.-  10  c.c.  of  iron  solution  are  mixed  in  a  flask  with  a,  few 
of  H("l   ni'l  I  prio  solution,  then  a  few  drops  of  the  wilicvlate: 

nlour  should  Im.'  para  nolsl  on  dilution  with  water.    Thiomilphalo  is 
added   Qi  ctly  colourless.    The  mixture  i*  then  titrated  bock 

bichromate  till  a  faint  violet  colour  ap]>ears. 

If  pj  thiosulphate  and  bichromate  are  used,  the  calcnlation  is 
Bjaayj   but  if  cinerwiso,  the  relative  Btrength  must,  be  found  by 

cXjMMiin. 

Bruel    {Cw/tpt,    wnrt,    ncvii.    954)    modifies    this    | 

lying    merely   on    the 
discharge  --f  the  violet  colour  in  h  l>oiling  solution  by  thioBulphate 
>n  a  ferric  solution  of  known  strength. 


3.     Estimation  by   Potassic   Iodide  and  Sodic   Thiosulphate. 

When  ferric  chloi  seated  with  \»>\  i 

which  dissolves  in  the  free  potassic  iodide — 

l-.ri  -f  KI  -  FeCl*+KCl+L 

o 
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The  .Inatt/ti*     The  liyilroehlnrH*  acid  eolation, 
free  chlorine  or  nilri<-  acid,  and  till  the  inn  in  tl 
.:t'*l    with    <'uu*h<  r    M>dn,    ti.. 

-i  potattto  >■ 
heated  to  60"  0T  00  ;>pcred,foc  about  twenty 

minute*  ;  the  flask  Had,  starch  added,  and  titrate 

till  the  blue  colour  diSH 

in  thi'  absenre  ul  all  hi  to  affect   the  itoluanc  iodide,  sues  as 

tree  «|ii  [brio  acid,  and  i»  juirlieularly  serviceable  for  estimating 

-mall  quantities  of  iron. 


4.     Estimation  of   Iron   by   Colour  Titration. 

These  methods,  which  approach  in  delicacy  tin 

bn  .uuiii'Miii,  aw  applicable  for  very  minute  qua  I   iron, 

guch  as  may  occur  in  Llie  rwli  <>f  bread  wl 
rotidu«l,  alloys,  sod  >se». 

It  \s  first  neceasary  to  kttdard  solution  of  iron  in  thi 

nhiehcau  be  made  by  dissolving  1004  jmi.  d  boo  irin  m  nitro-lnrd 

onia,  washing  and  re-di 
in  a  little  bj  .         ■-  1  liter.     1  c.c  of  thi*  solu: 

contains  1  milligram  of  pure  iron  in  the  Form  of  ferric  ehloriuV      I" 
further  diluted,  when   required,  so  as  to  contain  tSj  milligram  in  a  a 
thi*  is  the  best  standard  to  use.-    The  solution  for  striking   I 
rillier  potaasie  ferrocyuiiide  or  thiocy  ana  to  dissolved  in  water  (I    :  2U). 

EwampU  wVM  FcrrocjtanuU  •  The  material  containing  a  minute  un 
quantity  of  iron,  say  a  water  residue,  is  dissolve!  in  hydrochli 
diluted  to   100  c.c.,  or  any  other  convenient  measure.     10  c.c.  ore  placed 
into  a  white  gluts  cylinder  marked  at  100  c.c,  1  c.c.  of  <■  <1  nitpV 

acid  added  (the  presence  of  free  acid  is  always  necessary  in  this  i 
diluted  In  tlK>  mark  with  distilled,  water,  and  well  stirred, 

1  c.c.  of  ferrocyanide  solution  itt  then  added,  well  mixed,  and  allowed  to 
stand  at  rent  a  few  minutes  to  develop  the  colour. 

A  similar  cylinder  is  then  filled  with  a  mixture  of,  b*j  I  ,•  r,  .>r  Mandird 
iron  solution,  1  c.c  nitric  acid  and  distilled  water,  and   1  c.c.  fcrrDcramdo 
added  ;   if   this  does  not  approach  the  colour  uf    the   first    mix  tun 
quantities  of  iron  are  tried  until  au  exact  similarity  of  colour  ocean 
exaet  strength  of  the  iron  solution  being  known,  ft  is  iwsy  loamw 
quantify  of  pure  iron  present  in  the  ^ul  '.and  to  convert  it 

into  it*  state  of  oambinatioD  by  calculation.    The  colorimeter  may  el 
bo  her  advantage. 

tei  Bell  (J,  s,  C  f.  'if.  175)  adopts  the  f  ^m  in 

use   of    waters:— 70    e.e.    <<f    the    wat  '"I    t<» 

dryness  in  a  platinum  dish,  and  gi-htly  ignited   to  hum  "11"  • 
matters.     1   cc.  of  dilute  nitric  acid,  B0  cc   of  icid   b 

a   liter,    ia   then    poured   over   tin-    residue  from   a    j. 
evaporated    t<>  dryness  in  the   water  bath  ;    the   residue   : 
i  .1  in  1  cc.  ..f  n  10  per  cent,  hydrochloric   i 
tilled  water  added,  and  the  solution  tad  washed 


I 

>  hi 


*  A  solution  of  tbis  strength  csa  also  be  made  by  weighing  07  am  ef 
femraa  sulphate  (5  31.21),  dissolving  In  water,  acidifying  wlih  snlphario  add.  adding 
■ttftlcient  permaDKanate  solution  to  convert  the   iron  oxactl/    into  ferric   %*lt,    thvn 
diluting  to  1  liter.    Hydrogen  peroxide  may  also  be  used  1a  nlace  of  permanganatsv 
taking  care  to  dissipate  the  excess  by  boiling. 
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,  and  made  up  tu  "ii)  c.c  in  a  N< 
nl  finally  tested  with  1  o.c  each  of  ferrocynmda  notation  and 

•  M. 

With  Thlooyanate.— Tin' in  i-> mi    (,/.    C.    S.    1886,   493)    I 

this  method  as  being  specially  available  in  the  presence  of 
ordinary  metals  and    orj  I  ,  and 

the  only  u  ie  delicacy  is  -;ii<l  to 

such,  that  1  part  of  iron  can  !"■  recognised  in  50  million  parts  <>f 
i       presence  •  >!    free  mineral  acids  greatly  adds  t"  the 
insitiveness.     The  standard  ferric  solution  may  be  the  same  as  for 
id    in   preparing   the  material   for  titration,   the 
■eighed  quantity  dved  in  an  appropriate  acid,  evapo 

ken  up  with  ■water,  converted  into  thi 
itious  addition  <»f  permanganal  Hated  with  water 

■  ii  volume,  and  an  aliquot  portion  taken  for  titration. 
i  :;tnl   iron   used  by  Thompson =  ,'„   augnx   pt  i 
i  doable  bran  salt  [oxidised]  per  Irl 

)pl*;    luto  two  gUUB  oyiiaden  marked   at  100  CjC  ikhit   I   c.c.  of 
or  hydrochloric  acid,  or  better,  6  c.c  of  either  acid  of 
mate,  and  to  one  glass  a  measured  volume  of  ahfl 
to  bo  tested :  fil!  up  both  gla**es  to  the  mark.     If  iron  be  pre* 

loro  or  Ie.-*  intense  will  be  produced.    Standard  iron  is  than 
ded  from  a  burette  t"  the  other  nlora  till  the  colour  agrees. 
ie  quantity  of  Fe  taken  should   not  require  more  fehafl  '2  or  3  0.0,  of  tho 
idard  to  equal  it,  or  the  colour  will  bo  too  deep  for  comparison. 

i     sent  which  form  two  sets  of  salts,  they 
mat  )><  in  the  In.  i    o  ddation,  or  the  colour  [a  destroyed 

also  destroys  it.     Examples  in  the  presence  of  -\  great 
1    show  very  good  results. 


IRON    ORES. 

Ix  the  analysis  of  iron  ores  it  is  very  often  neceifl 

ily  the  total  amount  of  iron,  but  also  the  state  in 
,  foT  instance,  magnetic   iron   ore   consists  of  a 
of  Uit-  two  oxides  in  tolerably  definite  proportions,  and  it 
times  advisable  to  know  the  quantities  of  each. 

fore,  in  Buch  i  oses  rther  oxidation 

the  ferrous  oxide,  the  Little  ftas*  apparatus  (tig.  38)  adopted  by 
highly  rccomnj  equally  aervii  sable, 

tied  ore  in  a  finely  powdered  state,  to 

uch  i   I  >ng  hydrochloric  her  flask  contains 

>ilw  from  the  fir-t  flask  entering  to  the  bottom  uf  the 

ore  is  ready  in  the  fri-k  and  the  tubes  fitted,  bydrochlorio 

I  in,  and  a  few  grains  of  sodic  bicarbonate  added  to  produce  a 

of  the  fla>k  a  thi  d\  and  ss  the  toM 

1    drive  out   in  turn  tl  lc  acid, 

aoaorbsd  b;  r  in  the  second  Bask.    Wean  As  on  is 

ed,  the  water  immediately  nuhea  out  of  tho 
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second  flask  into  the  first,  diluliti^  nnd  BeoUng  the  eolation  of  ore,  so  that,  in 
the  majority  of  cases,  it  is  ready  for  immediate  titration.     If  not  null 
cool  or  dilute,  a  nifficienl  quantity  of  boiled  and  cooled  distilled  water  Is 
added. 

When  tho  total  amount  of  iron  present  in  any  sample  (A  OK)  has 
ftp  1m*  determined,  it  ia  necessary  to  reduce  any  peroxide 
the  Nate  of  protoxide  previous  to  titration. 


i n*  36. 

(a)      Treatment  of  Ores  to  render  them  easily  soluble  in  Acid. -  — 

Sempel  (Btrieftfe,  xviii.   1130)  advocates  the  roosting  «>f    such 
ores  as  art*  naturally  difficult  of  solution  in  b  muffle   For  one   bi 
1  part  of  ore  to  be  mixed  with  30  parts  of  oalcicand    I 
aocno  carl>oiiut4'.     Hy  this  means  tho  formation  of  ferrie  silicate  i* 
avoided,  organic  matter  is  also  destroyed,  and  an  easily  soluble 
'      oxide  is  produced. 

(A)      Reduction  to  the  Ferrous  state. — When    ]*Tiiiitn^an:i* 

be  d  i         ■    iteation  tka  redaction  u  always  beat  made  with 
or  magnesium,     With  mcbromate,  the  best  agent  is  either  ; 

aodtc  sulphite,  MnmrmiV  bisulphite,  or  -  i  hloride. 

It  is  often  difficult  to  tell  by  mere  colour  whether  the  iron  in  any 

given  solution  La  completely  reduced  to  the  ferrous  state.  In  lucl 
a  it  is  well  to  spread  a  Caw  drops  of  solution  <»f  potaasio  snlpho- 
py&nate  on  a  white  tile,  and  brings  drop  of  the  iron  solution  in 
contact  with  it.  A  distinct  red  colour  i^  a  sure  indication  that 
refaction  is  not  oomplete ;  s  more  faint  tinge  is  not  an  indication, 
because  the  reaction  is  so  delicate  thai  more  exposure  to  the  air 
will  pzcduoe  an  Infinitesimal  pardon  oi   Fe'O3,  sufficient   to  give 

:v  faint  colour. 
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('  )      Titration  of  the  Iron  Ore  Solution.— Owing  to  the   feet  that 
hyur<  'ill   u  in  most  ins! 

technical  operators  often  prefer  bichromate  to 

,■■  lion.     The   reasons  for  this  p  are 

:  >ld  ;  namely,  the  irregularity  whicJi  is  liable  to  oocur  in  the 

chloric  acid,  and  the  deep  colour- of  the  ferrous 

chloride.    Tie1    Brat,  however,  may   be  set  aeidfl  by  proper  pre- 

:in«l  the  second,  by  the  use  of  lamp  or  gaslight  instead  of 

light     If  the  solution  of  the  ore  is  well  diluted  end  the  liquid 

the  end  of  1 1  ■  *  -  reaction  is  very  delicate  ;  nevertheless,  without 

and  judgment,  the  bichromate  method  will  be  round 

■et  in  all  casee  where  hydrochloric  acid  hat  bo  be  Died. 

II  art  rn  omroenda  pernianganate  b  reagent  for  titration. 

He  heats  the  ore  to  redness  in  a  porr<»lain  tube,  for  three  hours  at 

least,  in  i  itreom  af  hydrogen  :  then  cools,  and  adde  it  to  1  *» *ilii*(_j 

dilute  lulphuri  the  same  time    i  stream  of  hydro 

through  the  liquid,  and  titrates  with  pexmanganate  in  the  ordinary 

1  lb  ia  inapplicable,  as  some  of  its  constituents  absorbed 

the  arid  act  '»n  t!ic  permanganate. 

brown  haematites,  reduced  by  this  method,  yield  an  iron 
(soluble  in  the  acid.     Drown  proposes  to  heat  such  ores 
air  or  oxygen,  to  burn  off  carbonaceous  matter  befon 

i  them  ;  the  iron  tlien  reduced  dissolves  easily.     Most 
dan   insoluble  portion  containing  iron ;  for  such 
i  thod  la  ii"  better  than  --idm  li 

('/)      Direct  Titration  with  Stannous  Chloride. — This    method    of 

tamating  ferric  iron  in  ores  ia  extremely  expeditious;  and  when 
Hon  of  iron  ie  Btrongly  arid  and  sufficiently  hot,  the  results' 

I    -on. -.ird, nit,   and    especially   adapted    t«.    the    technical 

miiimtion  of  mining 

Drown  di      I  m  ore  in  hydrochloric  acid,  evaporates  nearly 

md  then  stannous  chloride  from  a 
of  stannous  chloride  is  estimated  by  adding 
Liirinrd  iodine.     Tin- iron  hould  he  tolerably 

]   and  warm  ;  the  tin  solution  ia  besl   freshly  prep 
1  ■  c.c  iodine  or  thereabout,     Ten 

-c  a  nu  \v  ith  permanganate 

17,  and   two  gravimetrii    determinationa  gave  88*14  per 
I    iron.    Tin-   author   made   four  simultani  lys   in 

;)ity  minutes,  the  tin  solution  being  pret>ared  whilst  the  oroa 
iron  dissolved  in  hydrochloric  acid  with 
little  lie  solution  being  evaporated  nearly  to 

idardi/r'  tin-  tin  solution. 

..  Bed  and  Brown  Haematites.— Red  ha-matite  consists  generally 
mpanied    with    matters    insoluble    in    i 
•wever,  it    i tains  phosphoric   acid,  manganese,  uid 
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Brown  hssmatite  contains  hydra  ted  ferric  oxide,  often  eeei  m ; 
•  11  quantities  of   ferrous  oxide,  n  ,  and   idu 

Mntmotimaw  tracts  of  copper,  /im\  nil  k«'l,  col.alt,  with  liimv,  Hi 

[Ike  ;  occasionally  also  organic 

In    cases   where    the   total    iron   only  has  to   1"-   •  ,    it  i* 

ailvianulo  to  reduce  the  ore  to  tint'  powder;  ignite  gently  to  destroy 
organic  matters,  tin  n  treat  with  strong  bydi 

'  heat  till  nil  iron  i-;  dissolved,  and  in  sou  oxide 

is  present  add  small  qunntities  of  potassir  chlorate,  afterward- 
evaporating  to  dryness  to  dissm  I  -  lilorine  ;  then  dissolve  the 
inm  with  hot  dilute  hydrochloric  acid,  niter,  ami  make  up  to  a 
given  lUBawmi  for  titration. 

In  some  instances  tin-  insoluble  residue  peraistantly  retains  eomo 
iron  in  an  insoluble  form  ;  whan  this  occurs,  resort  must  lie  had  t<» 
fluxing  thr  residue  with  pofasaic  Imndphafte,  followed  by  solution 
in  hydrrn-hloric  acid,  or  to  Bempel's  method  (§  ijl  (•)• 

2.  Magnetic  Iron  Ore. — The  ferrous  oxide  is  determined  first  bj 

meesi  of  tin-  apparatus  ti^.  35  or  36.    Tin-  on-  is  put  into  the 
al   in  a  state  of  fine  powdn-,  strong  hydrochloric  acid  added, 
together  with  a  few  grains  of  sodic  bicarbonate,  or 
magnesitej  and  boat  applied  ".euth  with  the  lamp  until  tin 
dissolved,  thru  diluted  if  necessary,  sod  titrated  with  bichromate 
or  pannanganai 

Example:  0*5  jrm.  of  ore  was  treated  as  above,  and   required  19.'.  i 
Va  bichromate,  wlmh  multiplied  by  0*0050  gave  01092  gm.  of  iron  -014W 
gui.  of  ferrous  oxide=2808  per  cent. 

The  ferric  oxide  was  now  found  by  reducing  0*5  jan.  of  the  same  ore,  and 
ertriTlnting  the  total  iron  present  i  the  quantity  of  bichromate  required  wae— 

-03304  fou.  total  Fe 
Deduct        0I0t>2  gat  is  FeO 

Leaving  U'2212  gBL  as  FeKH 

The  result  of  the.  analysis  i*  therefore — 

Ferrous  oxide    ...         ...         ...  2N-0S  per  cent. 

Ferris  oxide      <>3'20 

Difference  (Gaugue,  etc.)        ...  872 

100  00 

3.  8pathose  Iron  Ore.— The    total   amount  of    ferrous   oxide   in 

this  carbonate  is  ascertained  directly  by  solution  in  hydrochloric 
acid;  as  the  oarbonic  acid  evolved  i>  generally  sirlhVirnt  t<> 
all  air,  the  tube  dipping  under  water  may  he  dispensed   with. 
Should  fchfl  On  bfl  very  Impure,  zinc  may  have  to  1m-  added  in  oid.r 
to  insure  the  redaction  of  all  the  iron  present 

,\s  the  ore  contains,  in  most  cases,  the  carbonates  of  iminyaneee, 
lime,  and  magnesia.  Quae  may  all  he  determined,  together  with  the 
iron,  as  follows: — 

A  weighed  portion  of  ore  is  brought  into  solution  in  hydrochloric  acid,  and 
filtered,  if  necessary,  to  sopamte  uwottthte  ritteioui  matter. 
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with  a  Fen  nitric  acid  la  peroxidiie 

a,   diluted,  and 

feme  oxide,  then  sodic  acetate,  ami  the 

ma  MfflBvrhi  1  ■epents  fmm  the  liquid;  filter, 

dues  the  oxide  of  iron  after  careful  washings,  with  line 
ns  chloride,  rod  determine  a  I  iohraraate. 

Kbettt  taining  tho  other bases  u  treated  with  icdia  hr) blorite, 

and  est  uide  for  twenty-four  boon  in  order,  to  preernitste  tho 
as  hydra  ted  oxide,  which  is  fflnlantan1  Sod  titrated  as  in  j 
fca  bom  1 1 . r-  hd  Li  mixed  with  amnionic  oxalate  to  precipitate  the 
•d  by  perm  ;  4*S. 

The  flltrnte  from  the  HniQ  contains  the  inn(raeiia,  vrbi 

lie  phosphate  ami  ammonia,  and  the  pri  soal,  or 

itrelcd  with  uranium  solution. 

4.  Estimation  of  Iron  in  Silicates. — WilbllX  ami    Win  ttl.  - ,  y 

'  .V  wn.  3)  give  a  aeries  of  determinations  of  lion  a»iatfng  in 
i  itlhT  iun  mixtnrea  of  ferric  and  faxroua  aalta  or  of 

The  very  finely  powdered  ntioate  is  mixed  with  rather  more  than  its  own 
!    powdered  fluor-spar  or  cryolite  (free  from  iron)  in  a  platinum 
i  d  with  hydrochi  m  the  water-bath  until 

U  all  dissolved,     Darin  itioa  cither  carbonic  acid  gas  or 

from  IPS  w  supplied  over  the  surface  of  the  li'iuid,  so  as  to 
of  air.     When  deeompo«it  Eplete(tbs  time-  feryixux 

(ho  nature  of  tho  material),  the  mixture  is  diluted  and  thru 

in  the  usual  way  for  ferrous  oxide;  the  ferric  oxide  can  (fan 
reduced  by  rinc  and  its  proportion  found. 

By  Hydrofluoric  Acid. — 2  jrm.  of  the  finely  powdered  silicate  are  placed 

a  deep  platinum  crucible,  and  -1G  c.o.  of  hydrofluoric  acid  (containing 

sent.   HK)  added.     The   mixture  is  heated   to  near  the 

i  onally  stirred  with  a  platinum  wire  until  the  de- 

the  silicate  is  complete,  which  occupies  usually  about  ten 

!I'S'>  diluted  with  an  equal  quantity  of  water  are 

n  added,  and  the  heat  continued  for  a  few  minutes.    The  crucible  and  its 

i  tents  arc  then  amokly  eooled,  dilated  with  fresh  boiled  water,  and  the 

>us  salt  Mtimaeed  with  pennangauata  nr  bir-liromate  as  usual. 

It (Z.  tL  C  that  the  iin.lv  powi 

ii\fil  with  tble  quantity  ol  dilate  sul]»huri<- 

id,  .mil  air  excluded  by  CI »'-  during  the  action  of  the  hydrofluoric 
id.     The  titration  may  then  .it  once  '»<  proeeeded  with  when  tiio 

imposition  is  complete. 
If  the  hydrofluoric  acid  has  been  prepared  in  leaden  rtwitth,  it 
in  bucIi  cases  it  is  ueceesary  U*  add  to  it, 
pormangnnate  (avoid- 

ili/.c  tin-  St >-. 

yielding  much 
unite  results  than  the  method  of  fusion  with  alkaline  carbonoies 
alpha  to. 

5.  Est  imation  of  Iron  in  Ores  by  compariaon  with  the  same  weig*ht 

Pun  iron. — 'The  principle  "i  this  method  is  folly  explained  in 
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onrae,  oppli*  able  to  any  sub 
d   tolerably  on  u  w>ft   u  Tin1  til 

solution  may  be  either  permanganate  or  bid  i  E  ankaovn 

gth. 

6.     Colorimetric  estimation  of  Carbon  in  Steel  and  Iron.      Tli - 

method  devised  by  Eggertz,  ami  I ! 

i  ■  <  >i i  of  combined  carbon,  is  well  known,  but 

. 

U   it.  cwm.  colour  of  the  ferric  nitrate  present 

(/ '.  A*,  xlvii.  865)  in  order  to  overcome  this  difficulty  1> 
method  deBcribed  as  fellows: — 

In  Kttnfl  careful  ini  fcuro  of  the  col 

matter  which  i>  produced  by  tlie  nciion  of  dilute  nitric  acid  upoo 
white  Iron  and  steel,  it.  wm  found  it  had  thr  property  •  >f  being 
soluble  in  potash  ami  soda  solutions,  and  that  the 
had  about  two  and  a  half  tunes  the  depth  of  colour  poeeee 
the  acid  solution.    This  I  ■   ;  it  was  clear  i 

matter  might  readily  be  separated  from  the  iron,  and  be  obtained 
in  an  alkaline  solution,  by  simply  adding  on  i 
hydrate  to  the  nitric  acid  solution  of  iron,  and  that  the  coloured 
solution  thus  obtained  might  be  used  as  .i  means  of  determining 
the  amount  of  carbon  present.  Upon  trial  this  was  found  to 
bi  the  case,  and  that  as  small  a  quantity  as  0*08  j»or  a 
carbon  could  be  readily  determined. 

Tin1  solutions  required  are; — 

Standard  solution  of  Nitric  acid,  1*20  bja  gr. 

Standard  solution  of  Sodic  hydrate,  1*27  sp,  pr. 

The  AnaltfM :  One  irrnui  of  the  >r  iron  t«.  be  tested  i<  wejfl 

and  pluci<d  in  n  'jou  r.(v  Inaker,  and,  nf  I   r  covering  with  u  tral 

!:tndanl  nitric  acid  :in.'  cldwi.    The  heal  laced 

"ii  :i  warn  plate,  healeii  i"  ill '  'luil         -  I  there  n! 

until  dissolved,  whieli  usually  taki  At  the 

ontainintj  u  known  quantity  of  *•  *r»M.ij 
iu  exactly  the  same  way,  and  when  both  ore  dissolved  80  b.c,  of  hot  •■■■ 
arc  added  to  each,  and  13  <\r,  soda  solution. 

The  o  be  well  shaken,  and  then  poured 

iiriiiLT-jiir  ami  diluted  till  they  occupy  n  hulk  of  60  e.c      _\ 
well  mixing  sad  allowing  to  stand  for  ton  minutes  i»  a  warn  f  arc 

filtered  through  dry  niters,  and  the  filtrates,  only  >|   which  is  used, 

are  compared.     This  may  be  done  by  pouring  the  two  Uq  i  two 

separate  tncasuriug  tubes  in  such  quantity  or  proportion  that  npon  loo] 
down  the  tiifi  on  appear  lo  1«'  equal 

Thus  if  60  measure*  «*f  the  standard  solution  i«  poured  into  one  Lube 
the  steal  ho  be  tested  -  oatains  say  half  a*  much  a*  I  J  be 

100  measures  of  itd  colour  solution  required  to  give  the  nme  tint,  TIw  oorhon 
is  therefore  inversely  proportional  bo  the  bulk  ovmpered  with  the  standard, 
and  in  the  above  asaumed  case,  if  (he  standiu  I  0*06  per  i 

carboa,  the  following  simple  equation  would  give  the  careen  iu  the  sample 
tested  :— 


100 
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The  proportions  hen-  given  must  be  -  -red  to  in  order  to 

1  bon  iron-  differ  in  tint  from  those  in 

Dd  therefore  a  low  standard  ?*'<'eiiiR!i  must  be  vised  for 

. 

id  has  devised  meter  for  the  process,  but  it  is 

evident  that  any  of  the  usual  instrument*  may  be  Bod. 


LEAD. 

Pb- 906-4, 

]  &c  j^r  permamgnxjate   =0*01032  gnu.  Lead, 
1  iM-.  normal  oxnlii  acid  =-.  0-1032  gin.        ., 
M-  tallic  iron  x      l%48 

Double  iron  x     0*263  -    .. 

J  62.     The  accurate  estimation  of  lead  ta  in  mod  i  ises  better 
i«*.l   by  weight  than  by  measure  ;  there  are,  however,  uutancsji 
in  which  tin-  latter  may  be  used  with  mlvant 

1-    Aa  Oxalate  (Hempel).     The  acetic  lead  solution,  which  must  contain 
no  oti  table  by  oxalic  acid,  u  put  into  a  300  <•.<•.  disk,  und  a 

flared  quantity  of  normal  onfio  add  added  in  excess,  the  Beak  filled  t<> 
tin-  laark  with  water, shaken,  and  put  aside  to  settle;  lOOo.cof  the  e ten r 
liquid  nri\  then  be  I  with  tulphorie  add,  sod  titrated  with 

prmnne^Tntf  ror  the  exesn  of  oxalii  acid.    Theamouut  so  found  multiplied 
by  3,  and  deducted  from  that  originally  added,  will  yive  tho  quantity  combined 

oature  of  the  filtrate  is  such  thai  pennangnnato  cannot  beussd 

for  i  the  precipitate  murt  be  collected,  well  washed,  dissolved  in 

ihlute  nitric  acid,  with  a  considerable  quantity  of  aodie  acetate,  joilphuric 

tdded,  and  titrated  with  permanganate. 

In  neither  case  are  the  result-  absolutely  eoourats,  owintr  to  the  Bhght 

solubility  of  thi  ful  aiaoipnlatioa  the  error  ueed 

'i  1  per  cent.     The  error  is  much  increased  in  the  presence  of 

aminoiiun-al  salts. 

The  technical  analysis  of  red  load  is  licet  made  as  follows : — 

-in.  i,',  t  |   of  Ph)  are  placed  in  n  300  ex.  ]>orce1aiu  basin,  and  20  or 

r.  1*2  poured  over  it,  then  warmed  genttj  with  rtuiing, 

In  a  few  minui<  ixido  is  dissolved  and  the  peroi  da  left  insoluble. 

6*.'  c  re  added  and  the  mixture  boiled  :  thi>  decomposes 

rod  any  adulterant  moat*  baryta, 

•id  e  of  iron,  gypsum,  or  sand.     WnilostiU  liot  J  permanganate 

ir  is  permanent  for  11  fe«  seconds. 

me  of  peruiaufranate  deducted  from  50  gives  direct  the  percentage 

of  lend  existing  as  peroi 

found  in  the  san  1 1  by  removing  tho  excess 

i  rmanganatc  with  a  drop  or  two  of  oxaJ  dixing  with  ammonia, 

uf  amnionic  ,  and  titrating  with  bichro- 

mate a»  described  in  this  section. 


t--l€ 


tutiorj  may  readily  and  with 
be  titrated  direct  with  uornuu  oxalic  acid.     Tho 
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Ituat   affects   ,uv   obtained   however   by  mlilni"   tin-   1< 
(diluted  ami  rendered  clear  by  u  little  - 
into  the  ox  contained  in  .1  (tu&k  or  beaker,  v 

watt  -r-ltath.     Tin-  addition  *  if  th  It  onturaed 

akaJtii  '  tning  until  no  further  procipit  ition  ta) 

Aaot  with  ■ 

wli^lit  i'Xivs-  i.f  miriinil  sulphuric  odd  in  a  -k,  till  tfl 

inaik,  estimate  tin  t   H-.s<  H  in   1<;  ( ban 

calculate  the  combined  acid  into  lead;  then  by  tit?' 
jM^rt:  !        with  pheitolphthalein,  tin*  proportion 

su-itl  can   ha  obtained  by  deducting  the  free  EPSO*  from  the  I 

uipl. 

2.  As  Chromate  (Schwars).  The  lend  i«*  precipitated  it  chromatc, 
well  wished.  Hkd  digested  with  a  weighed  execs.*  of  double  iron  salt  and 
hydrochloric  Mad;  tha  resulting  solutioi  ferric  and  chr< 

bber  "till  load  chloride,  aiui  ron  salt.      1 

found  by  pcrrnan^anate,  aud  deducted  from 
tho  remainder,  mu!  ho  factor  0  2U3,  will  ((ire  tb  !    lead, 

DiebJ  [Z.  a.  C,   L880,  30G)  mo  ginalh 

devised    by  Schwarz   by  precipi 

potoa  j,  and  titrating  the  amount  of  excess 

with  Bodic  thiosulphata 

The  neceuory  solution*  .ire — 

Standard  Potaasic  bickromat  itng  7'37  gm.  per  Lit 

Standard  Bodic  thiosulphate  containing 

relation   "f  these  solutions  to  each  othw  fuund 

by  blank  experiJ 

The  Anali/si* ;  20  or  30  o.o.  of  the  hiehrom.ite  are  ]  g  flask. 

with  about  800  e.c.  of  writer,  and  20  or  30  o.c.  of  dilute  11  8< 
liquid  is  then  healed  to  bailing,  and  the  tbiosnlpli  ito  cautiously  droppe  I 
until  I  point  occurs  at  whieh  the  yellow  colour  jiud  disappears,  and  which 
now  be  know  o  by  holding  tho  Husk  over  white  paper  or  porcelain. 

Lead  ores  and  residue*  :iro  treated  with  mqua  rvytaand  dilute  sulphuric 
acid,  concentrated  by  evaporation  until  the  sulphuric  acid  fames 
appear,  1  hen   transferred  to  a  Book  with  water,  and   boiled  in  order  to  !■ 
the  ferric  sulphate,  etc.,  into  solution;  the  solution   is  then  cooled,  and  Ibu 
tolerably  clear  liquid  passed  through  a  thin  close  filter  previoi  •  ned 

with  dilute  sulphuric  ooid,  and  le  i  bulk  of  load  sulphate  in  ihe  flask. 

This  latter  i>  now  boiled 
acetate  (oh  D.  for  1  %m.  of  sulphate)  and  water,  to  brii 

solution* and  pused  through  the  suite  filter,  the  filtrate  betngrvo 
a  clean  flask.    The  operation  ia  repeated  with  a  smaller  quae 
and  water,  and  tho  filter  tiiiallv  washed  with  hoi  water  ooi 
ke  sure  of  dissolving  all  the  lend  out  of  the  I 
tomaki  ;i  final  washing  with  hot  dilute  hydrochloric  ad 
lead  iw  then  acidified  with  a  few  drops  of  acetic  acid,  on  d  tho 

cold  with  the  bichromate  in  moderate  excess  (not  I 
may  Ik'  known  by  the  colour.     The  mixture  is  well  thai- 
half  an  hour  to  settle.    Tho  clear  liquid  is  thon  passed  tan 
Biter,         i        pttate  washed  three  <»r  four  times  with 
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and  washing?   titrated  with  fthioaulpn  I  U   excess  of 

kl  doseribcU  in  thy  blank  experiment. 

0*01032  gm.  of  lead    The 
!  with  known  weights  of  pure  lead  salta  were  viv  e 

tdiniiuu,  zinr,  ferri  I  cobalt,  '!*'  not  interfere 

ith   ilii'   reaction,  but   nil    metals  precipitable   by  cthromi 
hmili  he  removed, 

Buiaaou  again  modifies  this  method  m  follows: — 

mposed  in  'In'  odd  b]  i  dide  in 

Mid  eolation.    The  iodine  set  at  liberty  corresponds  i  b  the  amount 

mate. 

Preference  ii  given  in  I  be  iodine  to  the  use  of  carbon  disulphide 

Indicator,  since  the  yellow  colour  *.f  the  ohrom&te  Enfiaxfom  with  the  blue 

1)  iodide. 

Stamdtirditittg  thr  solution*. — This  will  also  show  the  method  of  .iijhIvm- 

25  gm.  Dure  lead  is  dissolved  in  about  5  c.c.  of  hot  dilute  nitric  acid,  boiled 

i  of  arid  neutralized  with  POtaah,  uud  the 

:ipitaled  lend  oxide  re-di  solved  in  acetic  acid.      It  is  thon    placed  in 

Soak  with  60  c.c.  of  tho  bichromate  and  tilled  to  tho  mark,  let  stand 

Lfteon  a  leu  a  portion  lUtered  through  a  dry  filter,  and  50  c.c.= 

fur  titrabon.     It   is   acidified    moderately    with    pure 

iri'-  add,  a  few  oryieali  of  pofesauo  iodide  thrown  in,  and  in  a  few 

its  about  5  c.c.  of  carbon  disulphule,  which  laalDDea  B  rli  b 

ilphato  solution  is  then  run  in  froni  a  burette  until  the  colour  is  just 

Bniaion  oaej  a  standard  bichromate  ooDtainliifl   '  m.  par  liter, 

<•.'■.  of  which  represent  01  gin.  load,  but  the  same  solution  as  given  for 
Weill's  }iroceas  will  raffloB. 

3.  Alkallmetric  Method  (MohrL — Tho  lead  is  precipitate*  1  asi-arbnnate 

■  i    a  alight  exeeai   *>i    ammomo  carbon  a  with   fcea 

lonia;  the  precipitate  well  washed,  and  dissolved  in  a  measured  excess 
icid;   neutral  solution  of   sodic  sulphate   is  then  added 
the  lead  as  sulphate.    Without  filtering,  the  exoeas  of  nitric 
id  it  (hen  estimated  by  uonual  alkali,  each  c.c.  combined  being  equal  to 
lead. 

4.  As  Sulphide  (Casamajor).— The  lend,  if  not  in  a  state  convenient 

ie  separated  as  sulphate,  wall  washed,  and  while  still  moist  [a 
in  alkaline  tartrate  solution  exactly  as  in  the  case  of  copper  (see 
the  precipitated  sulphide  Bejiaratea  very  freely,  and  if  tho  operation 
hite  basin  the  end-point  is  easy  of  detection. 
drawback   to  the   method   is  the  instability  of  the  si 
h   necessitates  a  fresh  standardizing  with  known  quantities  of 
■lay. 

5.  Estimation  of  Lead  in  presence  of  Tin. — For  toolmiciil  purposes 

■  rent  lily  done  u  ;  follow  u : — 

Hoy  is  treated  with  nitric  acid,  by  which  moans  the  lead  is  dissolved, 

endured  ni-"luH<  acid.    The  excess  of  nitric  acid  Is 

x  cess  of  sodic  hydrate,  then  slightly  acidified  with 

Tho  solution  is  diluted,  *o  that  it  contains  not  leal  than  half 

i  load.     It  is  then  titrated  with  a  standard  rotation  of  potoasic 

dning    10*2  gm.  per  liter,  which   has   b  :  irdized 

a  containing  15  9h~  gm.  per  liter,  using  drops 

iloride  lolution  on  a  white  plate  as  indl 
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MAONB8IA. 

§  63.  The  magnesia  existing  in  the  commercial  Stassfurt  salts 
used  for  manures,  etc.,  and  other  soluble  magnesia  salts,  may  very 
readily  be  determined  with  accuracy  by  Stolba's  method,  as  given 
for  P2*}5  in  §§  23.2  and  69,  or  in  all  cases  where  separation  can  be 
made  as  ammonio-magnesic  phosphate.  The  precipitation  may  be 
hastened  considerably  by  precipitating  with  microcoemic  salt,  in 
the  presence  of  a  tolerably  large  proportion  of  amnionic  chloride, 
accompanied  with  vigorous  stirring.  Half  an  hour  quite  suffices 
to  bring  down  the  whole  of  the  double  phosphate,  and  its  adherence 
to  the  sides  of  the  beaker  is  of  no  consequence,  if  the  titration  is 
made  in  the  same  beaker,  and  with  the  same  glass  rod,  using  an 
excess  of  standard  acid,  and  titrating  back  with  weak  standard 
ammonia  and  methyl  orange. 

The  precipitate  may  also  be  titrated  with  standard  uranium 
(§  69).  Precht  (Z.  a.  C.  1879,  438)  adopts  the  following  method 
for  soluble  magnesia  salts  in  kainit,  kieserit,  etc,  depending  upon 
the  insolubility  of  magnesic  hydrate  in  weak  caustic  potash  : — 

10  gm.  of  the  substance  are  dissolved,  filtered,  and  mixed  with 
25  c.c.  of  normal  caustic  potash,  if  it  contains  less  than  50  per 
cent,  of  magnesic  sulphate ;  or  50  c.c  if  it  contains  more  than 
50  per  cent.  The  mixture  is  warmed  somewhat,  transferred  to  a 
500  c.c.  flask,  and  the  volume  made  up  with  water.  After 
standing  at  rest  for  half  an  hour,  50  c.c.  of  the  clear  liquid  ore 
withdrawn,  and  the  excess  of  normal  alkali  estimated  in  the  usual 
way  with  normal  acid.     Ammonium  and  metallic  salts  must  lie 

1  c.c.  normal  potash  =  0*02  gm.  MgO. 

ALUMINA. 

§  63a.  Alumina  salts  (the  alums  and  alumina  sulphate  used  in 
dyeing  and  paper-making)  may  be  titrated  for  alumina  in  the 
absence  of  iron  (except  in  mere  traces)  by  mixing  the  acid 
solutions  with  a  tolerable  quantity  of  sodic  acetate,  then  a  known 
volume  in  excess  of  y}j.  phosphate  solution  (20*9  gm.  of  ammonio- 
sodic  phosphate  per  liter),  heating  to  boiling,  without  filtration ;  the 
excess  of  phosphate  is  found  at  once  by  titration  with  standard 
uranium.  If  iron  in  any  quantity  is  present,  it  may  be  estimated 
in  a  separate  portion  of  the  substance,  and  its  amount  deducted 
before  calculating  the  alumina.  The  latter  is  precipitated  as 
A1P04,  and  any  iron  in  like  manner  as  FePO4.  Each  c.c.  of  y^ 
phosphate  =  0*00513  gm.  A1203.    Only  available  for  rough  purposes. 

Baeyer's  Method. — As  originally  proposed,  this  process  for 
estimating  alumina  in  alums  and  aluminic  sulphates  was  carried 
out  by  two  titrations,  a  measured  portion  of  the  solution  being  first 
treated  with  an  excess  of  normal  soda  in  sufficient  quantity  to 
dissolve  the  precipitate  of  hydrate  of  alumina  first  formed.     It  was 
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i  luted  to  =i  daflnitt   trolume,  half  h  normal 

acid  ami  litmus  other  half  with  tropoaolin  00,  or  methyl  orange, 
teiug  calculated  to  aluiuii 

!•    improvement  however  has  bean  made  by  using 

phenolphtiudem  as  the  indicator,  one  titration  only  being  nao 

Tin-  method  Lb  baaed  "ii  the  fact  that,  if  to  a  solution  "t   alumina, 

ing  the  indicator,  normnl  soda  ia  added  in  excess,  or  until 

>roduced,  normal  odd  In-  then  added  until  the 

dour  >  .  tin-  volume  od  required  ion  fro 

finally  added  in  proportion  t<>  tin-  quantity  ol  alt  i 

Tin  rolume  of  acid  which  bo  disappears  ia  in  reality  the  quantity 
necessary  t«>  oomhine  with  the  alumina  set  free  by  the  alkali ;  and 
if   tin-  t    measure  of  acid   l--   multiplied    by  the   factor 

0-01716  (i  flttoL  wt.  of  aJ  O %  the  weight  of  alumina  will  be 
obtained.  This  factor  ia  given  on  the  assumption  Unit  the  normal 
eulphate  Al-.'JSM4  ia  formed, 

Tin'  titration  must  take  place  in  the  cold  and  in  dilute  solutions. 
Very  fair  technical  results  have  been  obtained  by  ma  with  jiotash 
ami  arnmanjs  arums  and  the  commerciaJ  sulphate*  ol  alumina, 

oiina  exist]  t'  alkali  in  cauatie  soda,    for 

.veil  estun  I  iking  advantage  <>f  the 

net,  that  such  alumina  la  quite  indifferent  t<>  methyl  orange,  but 

■  ill  with  phenolphthalein-    This  fact  has  been  recorded  by 

Thompson  and  others,  nut  the  priority  <>f  discovery  appears  to  be 

due  t«>  Baeyer  ('/..  at  0.  x\iv.  542),  who,  however,  used  litmus  in 

r  phenolphthalein  and  EropcaoHn  00  instead  of  Diethyl 

■  is  and  Be  van  (./.  S.  C,  L  riii  25S)  in  their  examination  «.f 
soda  for  alumina,  found  by  experiment,  that  the  mean  of 
qi  es   between    the   titration    w  itli    methyl    ' 
phenolphthalein  required  the  factor  0*0213  per  cc.  of  norma]  acid 
fur  the  alumina,  pointing  b  i  ;  58( I  . 

Ketimation  of  free  Acid. -Alum   cakes   or  aluminic   sulpha; 

j   kinds  often  contain   free  H3SO*,  and  many  methods  have 
•  •[  for  its  estimation.     Baeyer  titrates  a  10  per  i 
of  the  subst  incc  in  water  with  normal  soda,  and  troposolin 
«  "  i  m  methyl  orange. 

I;    \v  :i  (C   A",  tvl  194)  adopts  the  alcohol  method  by 

uce    for  al  welve   hours  with   strong 

I,  filtering  off  and  washing  witli  tli I   and  titrating 

lut i< 'ii  without  dilution  or  evaporation  with    A  acid  and 
phenolphthalein.     The  same  authority  also  uses  various  alkaloids, 
each  as  strychnia,  morphia,  *>r  quinia  to  combine  with  tin 
nml  thus  calvulatn  tlio  amount. 

n  ami   (iroariiM  (Bull.  •'■   VArwhtnie  hup.  ■> 

i  xiii,  41)  have  cxamin  d\  the 
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proposed  methods  for  this  purpose,  and  appear  to  have  devised  one 
which  gives  very  good  technical  results. 

The  Analyst* :  1  to  2  gm.  of  substance  is  dissolved  in  6  c.c.  of  inter, 
5  c.c.  of  a  cold  saturated  neutral  solution  of  amnionic  sulphate  added,  and 
stirred  for  a  quarter  of  an  hour.  60  c.c.  of  96  per  cent,  alcohol  is  then 
added,  the  mixture  thrown  on  a  small  filter,  and  washed  with  50  c.c.  of  the 
same  alcohol.  The  filtrate  is  evaporated  on  the  water  bath,  the  residue  dissolved 
in  water,  and  titrated  with  yV  alkali  and  litmus.  The  whole  of  the  neutral 
aluminic  sulphate  is  precipitated  as  ammonia  alum,  the  alcohol  contains  all 
the  free  acid. 


MANGANESE. 

Mn  =  55,MnO  = 

=  71, 

MnO«  =  87. 

Factors. 

Metallic  iron 

X 

0-63393=MnO. 

ii         » 

X 

0-491     =Mn. 

?»         » 

X 

0-7768  =MnOs. 

Double  iron  salt 

X 

0-0911  «MnO. 

Cryst.  oxalic  acid 

X 

0*6916  =MnO* 

Double  iron  salt 

X 

0111     «Mn02. 

1  c.c  fjr  solution  =  0*00355  gm.  MnO  or  =  0*00435  gm.  MnO2. 

§  64.  All  the  oxides  of  manganese,  with  the  exception  of  the 
first  or  protoxide,  when  boiled  with  hydrochloric  acid,  yield 
chlorine  in  the  following  ratios : — 

MnKPsl  eq.  0=  2  eq.  CI. 
MnsO*=l  eq.  0=  2  eq.  CL 
Mn02=l  eq.  0=  2  eq.  CL 
Mn  03=2  eq.  0=  4  eq.  CL 
Mn207=5  eq.  O=10  eq.  CL 

The  chlorine  so  produced  can  be  allowed  to  react  upon  a  known 
weight  of  ferrous  salt ;  and  A\*hen  the  reaction  is  completed,  the 
unchanged  amount  of  iron  salt  is  found  by  permanganate  or 
bichromate. 

Or,  the  chlorine  may  be  led  by  a  suitable  arrangement  into  a 
solution  of  potassic  iodide,  there  setting  free  an  equivalent  quantity 
of  iodine,  which  is  found  by  the  aid  of  sodic  thiosulphate. 

Or,  in  the  case  of  manganese  ores,  the  reaction  may  take  place 
with  oxalic  acid,  resulting  in  the  production  of  carbonic  acid, 
which  can  be  weighed  as  in  Fresenius'  and  "Wills'  method, 
measured  as  in  Parry's  method,  or  the  amount  of  unchanged  acid 
remaining  after  the  action  can  be  found  by  permanganate.* 

*  The  literature  of  manganese  compounds  and  their  estimation  has  now  become  Terr 
voluminous.    The  principal  contributions  to  the  subject  are  as  follows  :— 
Wright  and  Menke  J.  C.  S.  1880,  22—48. 

Morawski  andStingl       Jour. /.  pract.  CTum.  xviii.  96. 
Volhard  AnnaUn,  excriii.  318. 

Guyard  Bull.  Soc.  CMm.  [2]  i.  88. 

Kessler  Z.  a.  0.1879, 1-14. 

Pattinson  J.  C.  S.  1879. 865. 
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Tii»'  largely  increased  use  "f  inangane*-e  in  tin-  mam 
■ted  |  red  it  imperative  trust- 

verthj  method  of  estimation  should  be  devised,  and  liappily  this 
has  been  dons  simultaneously  by  two  chemists,  Pattineon  and 
both  have  succeeded  in  finding  a  method  of  separating 
tieseas  dioxide,  of  perfei  :ly  definib  ion.    Pattineon 

found  that  the  regulsj  precipitation  was  sei  ared  by  ferric  chloride, 
end  K  easier  by  zinc  chloride.  Wright  and  hte&ki  have 
experii  both  pT  ith  equally  satisfactory  results, 

slight  preference   to  sine*    Pattineon  titsat 
ig    Mm)-    v. ill,   standard    bichromate,  and    ECeeslei   with 
tg  mate, 
PattTnaon'a  method  has  been  fuMy  described  (./.  C  S.  1879, 

. — 


1.     Precipitation   a*   BtnO-    and  Titration   with    Bichromate 
(Pattinson). 

Tin1  a  its  am : — 

ndard    Potosaic  bich  I    ■■.■■.  aquaj  to  0*01   gau   Fo 

<  1  dm  =0'1  gm  K-). 

idard  Ferrous  -sulphate. — 10  nn.  of  iron  jut  liter,  as  near 

strength,  hut  as  the  strength  altei 

tins  to  tin'  :  lit;!;,  need  Ik*  taken.     53  gm.  of  ferrous 

eulphal  i  <l  in  a  mixture  of  250  ca  of  strong  pore  sulphuric 

■aid  sad  7"»<>  cc.  of  water,  will  give  u  sulutii  nut  the  pn> 

.1  (ot  580  grn,  to  1000  dm*). 

Solution  of  Bleaching  powder. — This  reagent  is  need  to  oxidize 

the  manganese  before  precipitation  (Xeaalei  'mine  water 

fbt  the  same  purpose).     IS  gnx  per  liter,  or  150  gnu  to  1000  dm. 

solution  is  decanted,  and  preserved  in  wall-stoppered 

use. 

1    for   removing   the   free  acja*   'hiring 

precipitation,     it  should  be  in  tolerably  fine  powder,  and  of  granular 

tire. 

The  prim  ,  I  i*,  that  the  manganese  compound 

being  broughl  into  solution  in  hydrochloric  add,  ferric  chloride 

(if   iron  is  ii";   already  pi  added,  nr  zinc  chloride  (sine 

mally   well),   so   that    in   either  ease 

ot  leas  than   the   same   quantity   of   either  of    these 

•    manganese ;    an  -  either 

hi  is  of  no  consequence      The  oxidizing  agent,  followed  by 

hot   water,   is   then   poured   into    the   mixture   so  as   to 

a  temp-  ratnre  of  about   60    to  70'  (1-10°— 160"  FA  then  a 

.  uid  the  whole  well  stirred  till  all  CO3  is 
d,  and  tli  if  MnO*  mixed  with  iron  or  sine,  ox 
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lx)th,  settles  freely,  leaving  the  sui>ernatant  liquid  clear  and  colour- 
less (in  the  case  of  using  bromine  water  the  colour  should  be 
amber,  showing  a  decided  excess  of  bromine).  In  examining 
manganiferous  irons  or  steels,  as  also  in  many  ores,  there  will 
always  Imj  plenty  of  iron  present;  if  this,  however,  is  not  the 
case,  it  is  always  preferable  to  use  zinc  rather  than  iron  for  the 
necessary  addition. 

Wright  and  Menke  obtained  the  best  results  when  the  solution 
was  so  diluted,  that  about  150  or  200  c.c  of  total  fluid  (including 
the  oxidizing  solution)  were  present  for  every  0*1  gin.  MnO*  pre- 
cipitated, using  a  quantity  of  zinc  sulphate  or  ferric  chloride 
containing  from  1 J  to  2  parts  of  metal  for  every  1  part  of  MnO8. 

Titration  of  the  Precipitated  MnO2. — The  precipitate  is  collected 
on  a  large  double  filter,  or  on  glass  wool,  and  washed  with  warm 
water  till  the  washings  show  no  trace  of  chlorine  or  bromine  when 
tested  with  iodized  starch-paper. 

Finally  the  precipitate,  with  its  filter,  is  returned  to  the  beaker 
in  which  it  was  originally  thrown  down,  and  which  will  contain 
traces  adhering  to  its  sides,  a  measured  excess  of  ferrous  solution 
added,  which  being  freely  acid  speedily  dissolves  the  MnO2 ;  cold 
water  is  then  added,  and  the  titration  completed  with  bichromate 
in  the  usual  way. 

As  some  filtering  paper  has  a  slight  reducing  action  upon  the 
bichromate,  it  is  well  in  standardizing  the  ferrous  solution  to  add 
about  the  same  amount  of  the  paper  as  would  be  used  in  the 
actual  analysis. 

Example  (Pattinson):  The  standard  solution  of  ferrous  sulphate  was  of 
such  strength  that  100  dm.- 101*1  dm.  of  bichromate.  The  100  dm.  of  iron 
solution,  after  addition  of  the  precipitated  MnO2  (from  10  grn.  of  ore), 
required  57  dm.  of  bichromate.  101*1 — 57=44*1  dm. =4*41  grn.  Fe;  this 
multiplied  by  the  factor  for  manganese  in  relation  to  iron  (0*491)  gave 
2*165  grn.    The  percentage  of  manganese  was  therefore  21*65. 

Should  the  ore  or  alloy  be  richer  in  manganese  than  iron,  it  is 
advisable  to  add  zinc  sulphate  or  chloride  to  make  up  the  necessary 
quantity.  The  ferrous  solution  alters  slightly  from  day  to  day, 
and  therefore  must  be  carefully  standardized  from  time  to  time. 

Kessler's  process  is  more  cumbrous  than  Pattinson's,  and 
consists  in  reducing  the  MnO2  by  antimonious  chloride,  then 
titrating  the  manganous  oxide  with  permanganate  standardized 
upon  manganous  pyrophosphate. 

Ores  and  Alloys  of  DIangranese. — The  following  are  practical 
examples,  taken  mainly  from  Pattinson's  experience. 

Spiegeleisen. — This  alloy  usually  contains  from  10  to  25  per  cent,  of 
manganese  and,  of  course,  a  sufficient  amount  of  iron  for  the  dioxide  pre- 
cipitation. 10  grn.  are  taken  for  analysis.  This  amount  is  dissolved  in 
about  12  dm.  of  hydrochloric  acid  with  the  aid  of  heat.  About  5  dm.  of 
nitric  acid  are  then  added  for  the  purpose  of  converting  the  ferrous  into 
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fcrri'*  chloride  (on  the  gram  &Ystom  the  quantities  would  bo  1  gm.  of  alloy, 

"  cc,  of  lici,  and  ■*•  ex.  of  ilNu1  f).    After  washing  the  cover 

of  the  beaker  with  .-II  water,  ttu  BXOaai  of  acid  i  ieed  by 

addi:  ilofo  enrbonate  until  the  solution  has  a  reddish  colour. 

of  the  bleaching-powder  solution  or  :ibout  50  dm.  of  bromine  irate? 

are  added,  witbout  previous  addition  of  hydrochloric  acid  as  in  the  case  of 

ores.     Hot  water  is  then  added  to  bent  the  solution  to  140  — 160*  F^  and 

then  u I  >uate,  and  the  solution  well  stirred.     The 

I   the  pfsoau  b  onnduetad  as  before  described. 

Ferro-Manfraaese, — For  tbe  quantitative  analysis  of  this  alloy  au  amount 
which  contain*  from  two  to  four  grains  of  manganese  may  bo  taken.  Th- 
solution  is  made  as  in  the  case  of  spicgeleiscn.  If  the  alloy  contains  loss  iron 
than  manga  ru.-e.  line  obloriae  is  added  so  ait  to  make  the  amount  of  the  iron 
and  ii :  i  to  thai  of  tbe  manganese.    The  amount  of  btaaohing- 

|K»wder  solution  to  be  added  must  depend  upon  tbe  amount  of  manganese  in 
re  to  add  about  40  dm.  of  ble:icbing-}>owdcr  solution  of 
■ill  above-named  fur  every  grain  of  manganese  pre*  Dl 
kl  in   the  case  of  ores,  instead  of   Neighing  off  separately  the  amounts 
test,  i  larger  quantity  may  be  dissolved  and  peroxiducd, 
■  i  known  bulk  in  a  measuring  tln.sk,  the 
the  teat  measured  out. 


dissolved,  by  tho  aid  of  beat,  in  about  35  dm. 

hydrochloric  acid  of   about   1*180  Bp.   gr.     The  ferrous  chloride   tbdfl 

erted  into  ferric  chloride  by  the  addition  of  about  0  dm. 

nitric  arid  of  about  1"400  sp.  gr.    The  solution  is  made  in  a  beaker  of 

os.  capacity.    Calcic  carbonate  is  then  added  until  the  solution  is 

ly  red.     135  grn.  of  calcic  carbonate  are  now  weighed  or  measured 

Iraboot  thu  added  to  tbe  solution.   After  i!  tused 

ic  acid  has  ceased,  about  40  dm.  of  the  Manning 

mdax  solution  are  added,  and  Uien  hot  water  to  about  1B0°  F.,  :uul  tlien 

r  of  the  calcic  carbonate.     If  tbe  latter  is  added  at  once,  the 

great   tint  the  substauce  is  liki-Iy  to  froth  over  tbe  edges 

th»    vessel;  and  if    tbe  bleachiug-powder  solution  is  added  before  any 

is  been  added,  tbe  chlorine  U  likely  to  he  expelled  by  the 

rotation  of  the  carbonic  acid.    The  precipitate  is  then  thrown  on  asufliciently 

•ge  filter,  and  washed  until  free  from  any  trace  of  chlorine.    Although 

pneipitate  is  bulky  it  is  very  readily  washed. 

Abonl   B0  thu.  of  the  ferrous  sulphate  solution  are  standardized,  and  the 

I  for  decomposing  tbe  manganese  dioxide  in  the  ease  of 

•1- ;  l.ot  it  is  sometimes  found  necessary  to  add  a  little  additional  sulphurie 

in  older  to  dissolve  the  ferric  oxide  precipitate  and  the  excess  of  calcic 

ite  it  may  contain. 

te&neae  Slag-s,  etc.— These  are  treated  similarly  to  the  above,  Doing 

for  tin.'  analysis  such  a  quantity  as  will  not  contain  more  than  about  25  grn. 

for  tli-    iio\,  -named  amoanti  of  reagent*,  and  Dating  care  U* 

have  a  tmount  of  ferric  or  zinc  chloride  in  the  solution  when  the 

maugami-c  is  precipitated. 

■  I,  copper,  nickel,  or  cobalt  exisl  in  the  -ubstauce  under  cxamin- 

jtiou.  1  He  separated  tafore  tbe  manganese  is  precipitated,  as  they 

-  under  the  conditions  of  the  precipitation,  which  oxides, 

i eel  dioxide,  into  ferric  oxide.     Fortunately,  in 

■  liferuus  iron  ores  and  in  spiegeleisen,  ferro-iuauganeae  and  steel. 

'tab  occur  in  such  quantity  u  to  appreciably  affi 

i  tic  manganese. 

Tin*  |-r bis  above  described  ifl  unA  l     by  fat  the  best 

p 
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volum-  I  i   the  estimation  of  manganese  ii 

iad  "W8. 

Atkinson  (J.  S.  C.  I.  v.  365)  gives  the  Following  short  il 
Hon  cd  ■><!  as  practically  in  dailj 

Weigh  out  0*5  gm.  or  0*6  gin.  of  an  ore  containing 
■T— *fl»n— \  dinorvi  in  7  -<r  S  c.0,  of  strong  HOI,  and,  when  dissolved,  wash 
the  whole,  without  filtering.  Into  ft  large  n  arrow  -sided  beaker.     When  cold, 

utnvlixed  with  precipiti  carbonate,  until  the  liqu 

reddish  hue.    40  or  Go  iratod  bromine  water  are  added,  and  Ik 

mixture  allowed  to  stand  in  fhl Id  for  half-an-hour.     At  tin 

that  time  the  beaker  if*  nearly  filled  up  with  boiling  water 

calcic  carbonate  added  until  there  is  no  further  effervescence,  and  par 

carbonate  is  evidently  unacted  anon.    A  small  quanl 

then  added,  the  whole  well  stirred,  and  the  precipitate  allowed  to  *wila.    The 

clear  liquid  is  filtered  off  and  fresh  boiling  water  added  to  the  residue  in  the 

beaker,  a  little  spirits  of  wine  being  used  to  reduce  any  permangnnate  whicli 

is  formed.     The  nitration  and  wauling  are  repeated  until  the  filtrate  when 

cooled  no  longer  turns  iodized  starch-paper  blue.    During  the  washing  about 

1*9  to  2*5  gm.  of  pure  granular  ferrous-ammonium  nil] 

out,  washed  into  the  beaker  in  which  the  prooipitotiou  tool*  place,  and  about 

30  to  GO  0,0,  of  dilute  mlphurio  acid  added.    The  filter  contait 

cipitated  MnO:  is  then  placed  in  the  beaker,  and  the  latter  is  quickly  disBoftwJ 

by  the  oxidation  of  a  portion  of  the  ferrous  salt  into  ferric  sulphate.     Tbr 

remaining  ferrous  iron  is  then  titrated  with  potossic  bichromate  in  the  usual 

way.    The  difference  in  the  numb)  of  bichromate  used  fr 

number  which  the  original  weight  of  the  ferrous-ammonium  sul] 

have  required  if  directly  titrated,  is  a  measure  of  the  quantity  of    MnO* 

present.     For  rapidity  and  simplicity  this  volumetric  process  leaves  t 

to  be  desired;  duplicate  experiments  agree  within  very  narrow  limits;  and 

if  the  assumption  is  accepted  that  the  presence  of  ferric  chloride  enables  the 

complete  oxidation  of  the  manganese  to  the  state  of  peroxide,  no  other 

process  can  compete  with  it. 

l'attinson  prefers  to  nee  bleach  solution  to  bromine,  because 
the  formation  of  permanganate  is  more  ■  >>  «•*** 

not  more  than  a  trace  of  permanganate  should  be  formed, 
tin*  first  experiment  shows  this  to  be  t!  tothar  trial  must 

aoed  with  less  oxidizing  material. 


2.     By  Precipitation   with   Potaasic   Permanganate   IGuyard'. 

If  a  dilute >  neutral  or  faintly  acid  solution  of  mat 
heated  to  80*  C.  and  perm  added,  I 

cipitated,  and  the  end  of  the  reaction  is  known  by  t ! 
the  usual  rose  colour  of  permanganate  in  i    i 

olutiona.     Any  large  excess  of  either  H< 
irregularity,  as  also  do  ferric  or  chromic  suite;  nickel,  cobalt, 
zinc,  alumina,  or  lime,  in  moderate  quantity  are  of  i 

This  method  is  of  easy  execution,  and  \  -\  cwmx 

where  it  ran  be  properly  applied,  but  such  Distances  are  few. 

Th*  Anatyri* :   1  or  2  gm.  of  the  manganese  comj»ound  arc  dis*<- 
aqua  fff/ia,  boUed  a  few  minutes,  the  excess  of  arid  neutralized  with  alkali. 
then  diluted  largely  with  boiling  water  (1  or  2  liters),  kept  at  a  Lcuirer&ture 
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«f  80*  C,  and  standard  i  long  t-  a  brownish  precipitate 

ind  until  the  clear  supernatant  liquid  shows  a  distinct  me  colour. 
1  permanganate =3  eo,.  of  manganese,  therefore  1  c.e.  of  ft  solution « 

Mn. 

A  modification  of   this  process  is  strongly   reoommendod   by 
Wright  and  Menke  (./.  a  &  1**0.  -t:i).  and  which  oombinaB  the 

>"]>tj-<l  by  Kessler  unci   Pattinson;  viz,  the  addition 
of  x'u<  ;  :«■  tin-  precipitation  <»f  Mn<>-. 

!   or  only  faintly  acid  solution  i*  diluted,  so  that  uot  more  than 

U  ■         ined  in  160  e.o.     A  solution  of  permanganate  is 

spared  of  about  half-per-cc:  ,  and  in  it  are  dissolved  crystals 

i ilp hate  in  such  proportion  that  about  ten  part*  are  present,  for  every 

I   <>-  to  be  precipitated. 
■Id  marikrauese  solution  is  then  poured  into  this  mixture  slowly,  with 
itle  shaking  or  stirring.      Of  course  there  must  bo  an  excess  of    per* 
mangauate  which  is  shown  by  the  pink  colour.     In  a  few  ntmnteJ  li 

S'nk  fluid  may  be  poured  off  through  a  glasn  wool  filter;  the  precipitate  of 
zinc)  is  alco  brought  on  the  *ame  filter,  washed  well 
•  :  i  niter,  end  finally  titrated  with  ferrous  Milphatc  or  double  iron  salt, 
and   *s  permanganate  or  bichromate. 

The  numb'  ■  by  Wright  and  Menke  were  extremely  satisfactory 

with  manganese  solutions  of  known  strength. 

s  method  depends  very  ranch  on  thn  Annie  principles 
be  details  being  as  follows ; — 

i.iitv  of  material  is  taken  so  as  to  contain  from  0*3  to  0*5  gni.  Mu, 

acid,  evaporated  in  porcelain  to  dryness,  first  adding  a 

la  amnionic  nitrate,  then  heated  over  the  Suns  to  dsstroy  organic:  matter. 

sad-  -wxi  with  HCI,  adding  a  little  strong  H*B04,  and  again 

kted  to  dryness,  first  on  the  water  bath,  then  with  greater  heat  till 

Bonn  <»r  SO1  occur.     It  is  then  washed  into  a  liter  flask  and  neutralized 

ith  sod;  <>r  carbonate:  sufficient  pure  zinc  oxide,   made  into  a 

cream,  is  added  to  precipitate  all  the  iron.    The  flask  is  filled  to  the  mark, 

add  2lX>  c.c.  filtered  off  into  a  boiling  flask,  acidified  with  2  or  3  drop* 

of  nitric  acid,  heated  to  boiling,  and  titrated  with  ^  permanganate  whilst, 

Mill  hot. 


i  i'!r  to  verify  the  results. 

Indirect  technical  method. — This  is  in  use  at  several  wodu  as  a 
rapid  approximate  astiznation  of  the  manganesa  in  spiagek,  ferro- 
.  pi^-iron, 

determining  tlie  iron  by  bichromate,  the  silicon  by 

adding  f)  fwr  cent.    for  samples  continuing  leas  than  30  i>or 
cent   f«-r  richer  samples,  and   calling  the  rest 
manga  new.     The  results  are  said  to  be  well  within  +  0*5  per  cent 

TAt  An<ilv»Z*:  0*8  pa*  of  the  sample  is  dissolved  iu  dilute  H^SO4,  and 

titrated  iu  the  usual  way  with  bichromate.     2  gm.  meantime  in  dissolved  in 

or  HCI,  evaporated  to  dryness  on  a  hot  plate,  the  residue 

i  filtered  off,  ignited,  weighed,  and  calculated 

•  nr  G  |*r  cent.  =  Mm 

■  v  "f  the   method  i* 
p  2 
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greater  with  alloys  containing  only  a  moderate  proportion  of  Mn. 
(Holditch,  C.  N.  xhx.  9  ;  Atkinson,  ibid.  p.  25). 

There  are  many  other  volumetric  methods  in  use  for  estimating 
manganese  either  as  binoxide  or  metal,  among  which  may  be 
mentioned  that  of  Chalmers  Harvey  (C.  N.  xlvii  2)  by  stannous 
chloride,  and  that  of  Williams  (Trans.  Amer.  Inst,  of  Minitvj 
fimjineertty  x.  100),  which  consists  in  separating  MnO*  from  a  nitric 
solution  by  potassic  chlorate,  dissolving  in  excess  of  standard  oxalic 
acid,  and  estimating  the  excess  by  permanganate. 

A  critical  paper  on  this  process,  accompanied  with  the  results  of 
experiment,  is  contributed  by  Macintosh  (C.  N.  L,  75).  Also 
another  by  Hintz  (Z.  a.  O.  xxiv.  421 — 438)  reviewing  a  large 
number  of  volumetric  methods  for  manganese,  but  as  none  of  them 
are  more  accurate  or  convenient  than  the  methods  here  given,  they 
are  omitted. 


3.     Estimation    of   Manganese    in    small    quantities    (Chatard). 

This  method  depends  upon  the  production  of  permanganic  acid 
by  the  action  of  nitric  acid  and  lead  peroxide,  originally  used  by 
Crum  as  a  qualitative  test.  The  accuracy  of  the  process  as 
a  quantitative  one  can,  however,  only  be  depended  on  when  the 
quantity  of  manganese  is  very  small,  such  as  exists  in  some 
minerals,  soils,  etc. 

The  material  to  be  examined  is  dissolved  in  nitric  acid  and 
boiled  with  lead  peroxide,  by  which  means  any  manganese  present 
is  converted  to  permanganate ;  the  quantity  so  produced  is  then 
ascertained  by  a  weak  freshly  made  standard  solution  of  oxalic 
acid  or  amnionic  oxalate. 

The  process  gives  good  results  in  determining  manganese  in 
dolomites  and  limestones,  where  the  proportions  amount  to  from 
11ff  to  2  per  cent  In  larger  quantities  the  total  conversion  of  the 
manganese  cannot  be  depended  on. 

Thorpe  and  Hambly  (J.  G.  S.  liii.  182)  found  that  the  final 
point  in  the  titration  with  amnionic  oxalate  was  apt  to  be  obscured 
by  the  precipitation  of  lead  carbonate,  and  they  suggest  a 
modification  which  consists  in  using  some  dilute  sulphuric  acid 
with  the  lead  peroxide  and  nitric  acid  during  the  oxidation  of  the 
manganese  j  no  lead  then  passes  into  solution,  and  the  filtered 
liquid  remains  perfectly  clear  on  titration.  These  operators  found 
the  method  quite  trustworthy  for  quantities  of  manganese  below 
0-01  gm.,  and  carried  out  as  follows  : — 

The  Analysis :  To  the  manganese  solution  which  must  bo  free  from 
chlorine  and  not  too  dilute,  say  about  25  c.c,  add  5  c.c.  of  nitric  n-id 
(sp.  ffr.  1*4),  2 — 3  gm.  of  lead  peroxide  and  10—20  c.c.  of  dilute  sulphuric 
acid  (1  :  2).  Boil  gently  for  about  four  minutes,  wash  down  the  sides  of 
the  flask  with  hot  water,  and  contiuuo  the  boiling  for  half  a  minute. 
Allow  the  load  sulphate  and  peroxide  to  subside  and  filter  at  once  (best  with 
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nd   washed   with  dilute 
H^SO4).  due  in  flu*k  with  boiling  water  by  decantation,  beat 

the  clear  filtrate  t<>  ■  ■  >   ■  titrate  wiili  ,",,  unmon 

himself  of  thifl  method  fan  estimating  itiftngnnfliw 

weighing  0*1  gm.  of  the  sample,  and  boiling 

in  3  <.r  *  ' .'.<*.  "f  nitric  aciu  until  solution  of  the  metal  is  complete, 

adding  0*2  i  PbO*,  and  again  boiling  for.  two  or  three 

minutes,  without  filtering  off  the  insoluble  graphite,  if  auch  should 

be  present     Tin-  solution  is  then  cooled,  filtered  through  asbestos 

able  graduated  tube,  and  the  colour  compered  with  :i 

on  of  permanganate  contained  in  a  similar  tube. 

The  standard  permsnganate  is  bed  made  by  diluting  1  cc.  of 

J  i  with  109  cc  of  v.  b  cc  will  tln-n  rep 

•00001  gm,  Mn.     It  bas  been  previously  mentioned  tn 

method  can  only  lie  obtained  by  using  very  small 

f  material     Peters  finds  this  to  be  the  east .  and  hence 

nends,  that  fur   irons  containing  from  U'lO  t-<  0*35  jht  rent. 

■  0*1  gm.  should  be  operated  upon;  when  bom  0*S  bo   1 

|M*r  cent  ts  present,  0*1  gm.  of  the  sample  is  weighed  and  one- 

un&rth  "f    the  solution  only  treated  with  PbO*;   in  still  richer 

i  <  taken.     As  .t  guide,  it  ts 
mt  "f  iron  taken  yields  a 
.   of   the  standard,  the  whole  of  the  Mn  in 
earidiaed      Tin-  actual  amount  of  manganese  in  an  raid  not 

>nt  f ' '.  .V    \:-.\iii.  35). 


4.     Estimation  in  Spiefreleisen.  Steel,   etc.,  by  measurement  of  CO- 

<P«rry). 

Parry    adopts    the    well-known  in    Fresenius   and 

Wills    p  decomposing  MnO1  with  sulphuric  or  hydro- 

cid  and   soil  late,  by  dissolving  a  known  weight  of 

■n   in  strong  nitric  ncid,  in  a  small   pear-shaped  Husk  of 

vapornting  to  dryness,  igniting  gently  for  ten  minutes, 

iting    bin  ic    oxalate   and 

i  e    flask  immediately  t<>    the  gas 

i   conveying  the  evolved  t  H  >'-'  into  it  fur  measurement 

an  apparatus  devised  by  himself,  and 

I C,    N.    \\i\.    86) ;    but    onj   of    the   gas 

i    rriU'd  in  Part  VII.  will  suffice.      The  number  of 

are  and  0°  C.  temperature  being  known, 
corresponding  quantity  of  mangane**. 

B7  porta  by  weight  of  Mm  >-'=s*  <  i  >-=:,;,  Hangaa 

iiil'  t"  obtain  -i  product  containing 
ix|M*riiiu'nt^  were  made  with   this 
■  i     tln<     I-  i  d,    tin- 

manganeM.*  was  alwa;  '  .  and  Furiosi  beating  for 
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thirty  minutes  showed  no  loss  of  oxygen.     Consequently,  88  parts 
of  CO8  represented  110  of  metallic  manganese. 

Example. 

0*5  gm.  of  Spiegeleiaen  gave  CO*       31*80  c.o. 

Temperature       19*00* 

Barometer  788*00  m.m. 

Tension  of  aqueous  vapour       ...        16*86  m.m 
81*8x721*64 

760x  jl  +  (0-tJ08666xl9)(  — 

28*22  c.c.  CO9  x  0*1966  x  110 


88 
=0*06934  gm.  Mn=18"868  per  cent. 

The  calculation  may  be  simplified  by  the  use  of  the  table  at  end 
of  this  volume. 

Also  the  value  of  1  cc  of  CO2  shown  by  the  instrument  may  be 
expressed  in  parts  by  weight  of  Mn.  Thus,  28*22  cc.  of  CO2  = 
0*06934  gm.  of  CO3;  therefore  1  c.c.=  0*00245716  gm.  of  Mn, 
which,  multiplied  by  x  cc.  of  CO2  found,  gives  at  once  the 
corresponding  amount  of  manganese. 

This  method  has  been  applied  to  the  determination  of  manganese 
in  steel,  treating  not  less  than  4  gm.  of  steel,  and  measuring  over 
mercury.  The  dry  product  requires  a  rather  stronger  heat,  best 
obtained  by  heating  over  a  small  Bunsen's  burner  in  an  open 
platinum  capsule.  It  is  best  to  take  10  gnu  of  steel  for 
solution,  evaporate  to  dryness  in  a  porcelain  dish,  and  heat  a 
weighed  portion  of  the  dry  residue  as  above,  reserving  part  for  a 
second  trial. 


5.    Technical  Examination  of  Mang-anese  Ore*  used  for  Bleaching- 
Purposes,  etc. 

One  of  the  most  important  tilings  connected  with  the  analysis  of 
manganese  ores  is  the  determination  of  moisture.  Fresenius  has 
found  by  a  most  careful  series  of  experiments  that  the  temperature 
at  which  all  hygroscopic  moisture  is  expelled,  without  disturbing 
that  which  is  chemically  combined,  is  120°  C,  and  this  temperature 
is  now  used  by  most  chemists.  The  drying  apparatus  devised  by 
Fresenius  consists  of  a  round  cast-iron  air  chamber,  about  ten 
inches  in  diameter,  and  two  inches  deep,  having  six  openings  at  the 
top,  into  which  little  brass  pans,  two  and  a  half  inches  in  diameter, 
are  dropped,  containing  the  very  finely  powdered  ore  ;  into  one  of 
the  pans  the  bulb  of  a  thermometer  is  placed,  imbedded  in  iron 
filings,  and  the  instrument  kept  upright  by  an  iron  rod  and  ring 
attached  to  the  upper  surface  of  the  air  chamber.  The  whole  is 
supported  by  a  tripod,  and  heated  by  a  gas  flame  to  the  required 
temperature.  The  ore,  when  powdered  and  dried  at  this  temperature, 
rapidly  absorbs  moisture  on  exposing  it  to  the  air,  and  consequently 
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to  be  weired  quickly;  it.  i^  o  keap  the  powdi 

:  light  stoppered  bottle,  the  weight  of  which, 

■'  \\  is  accurately  known.    About  1  orS 

.hi)  other  quantity  within  a  trifle,  eon  be  emptied  into 

'  for  analysis,  end  the  exact  quantity  bund  by 

otUe. 

r  agate  mortar  must  be  used  to  reduce  the 
linera]  to  the  finest  poeeihle  powder,  bo  ea  to  injure  its  complete 
id  rapid  decomposition  by  the  hydrochloric  add. 

tderuhle    discussion  has  occurred  as  to  the  best  processes 
u  estimating  the  available  oxygen  in  mangane  from 

ie  fmt  that  many  of  the  ores  now  occurring  in  the  market  contain 

'•■ ;  and  if  each  one  be  analyzed  bj  the  usual 
•ii   method  with  hydrochloric  acid,  a  portion  of  the  chlorine 
n  oxidizing  the  iron  contained  in  the  oridna] 
,  if  examined  by  Fresenius  and  Wills'  method, 
therefore  a  higher  percentage  than  by  the  iron  method,  etnoe 
i  such    conamnption  <>f   chlorine  occurs  in  the   former  prooeee. 
Btifaotnrera  have    therefore   refused    to  accept  certificatse  of 
talysis  .if   such   ores  when  based   on   Fresenius  and  Wills' 
ithnd.     This  renders  the  volumetric  processes  of  more  importance, 
el  hence  various  experiments  have  1"  i  D  made  to  naeiiilnin  then 
of  error. 

The  resulta  Bhow  that  the  ;i  iwlng  met  wry 

ntiafft  ilts  (see  Scherer  and  Rumpf,  C.  If.  xx.  302; 

fljso  Pattiuson,  ibid,  \xi.  266  :  and  Paul,  x\i.  16). 


6.     Direct   Analysis   by  Distillation   with   Hydrochloric   Acid. 

This  is  tin    quickest  and  most  accurate  method  of  finding  the 


rroantitj  of  available  oxygen  present  in  any  of  the  ores  of  manganese 
or  mixturee  of  them.     It  also  possesses  the  recommendation  that  the 
,  of  chlorine  which  they  Liberate  is  directly  expressed  in  the 
analysis  itself;  and,  further,  giv<  mate  ol  the  quantity  of 

id  required  for  the  decomposition  of  any  particular 
simple  of  ore,  which  is  a  matter  of  some  moment  to  the  manu- 
facturer of  bleaching  po* 

The  apparatus  f«ir  the  operation  may  be  those  shown  in  figs. 
29,  30,  and  'M.  For  precautions  in  conducting  the  distillation 
see  §  35. 

Tht  Analysis :  la  order  that  the  percentage  or  dioxide  shall  be  direct ly 

espmaed  by  the  uuuiber  of  0.0.  of  ^  thiosulphate  solution  used,  U'43ti  inn. 

of  til*  {•rojKTlv  dried  uud  powdered  sample  is  weighed  imd  put  into  the  little 

flank;  solution  «f   potawac  iodide  in  suflicicnt  quantity  to  ab*orh  all  the 

iodine  sot  free  U  put  iuto  the  large  tube  (if  the  solution  containing  ft  eq.  or 

m.  in  the  liter  be  used,  about  70  or  80  e.e.  will  in  ordinary  cases  be 

t);  very  strong  hydr  1  in  then  poured  into  the  distilling 

flask,  and  the  operatioi  .  as  in  §  35.     Eaeh  equivalent  of  iodine 

Qti  1  eq.  CI,  also  1  en.  MuO2. 
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Instead  of  using  a  definite  weight,  it  is  well  to  do  as  before 
proposed,  namely,  to  pour  about  the  quantity  required  out  of  the 
weighed  sample-bottle  into  the  flask,  and  find  the  exact  "weight 
afterwards. 

Barlow  (C.  N.  liii.  41)  records  a  good  method  of  separating 
Mn  from  the  metals  of  its  own  group  as  well  as  from  alkalies  and 
alkaline  earths. 

For  the  quantitative  estimation  of  Fe  and  Mn  in  the  same 
solution  as  chlorides  (other  metals  except  Cr  and  Al  may  be  present, 
but  best  absent),  solution  of  NH4C1  is  first  added,  then  strong 
!N"H4HO  in  excess,  boil,  then  hydrogen  peroxide  so  long  as  a 
precipitate  falls,  boil  for  a  few  minutes,  filter,  wash  with  hot  water, 
ignite,  and  weigh  tlie  mixed  oxides  together  as  FeK)8  +  Mn*0*. 

The  oxides  arc  then  distilled  with  HC1,  and  the  amount  of 
iodine  found  by  thiosulphate. 

The  weight  of  mixed  oxides,  minus  the  Mn304,  gives  the  weight 
of  Fe203. 

Pickering  (J.  C.  S.  1880,  128)  has  pointed  out  that  pure 
manganese  oxides,  freshly  prepared,  or  the  dry  oxides  in  very 
fine  ]x>wder,  may  be  rapidly  estimated  without  distillation  by 
merely  adding  them  to  a  large  excess  of  potassic  iodide  solution 
in  a  beaker,  running  in  2  or  3  c.c.  of  hydrochloric  acid,  when 
the  oxides  are  immediately  attacked  and  decomposed ;  the  liberated 
iodine  is  then  at  once  titrated  with  thiosulphate.  Impure  oxides, 
containing  especially  ferric  oxide,  cannot  however  be  estimated  in 
this  way,  since  the  iron  would  have  the  same  effect  as  manganic 
oxide ;  hence,  distillation  must  be  resorted  to  in  the  case  of  all 
such  ores,  and  it  is  imperative  that  the  strongest  hydrochloric  acid 
should  be  used. 

Pickering's  modified  process  is  well  adapted  to  the  examination 
of  the  Weldon  mud,  for  its  available  amount  of  manganese  dioxide. 


7.     Estimation  by  Oxalic  Add. 

The  very  finely  powdered  ore  is  mixed  with  a  known  volume  of 
normal  oxalic  acid  solution,  sulphuric  acid  added,  and  the  mixture 
heated  and  well  shaken,  to  bring  the  materials  into  intimate  contact 
and  liberate  the  CO2.  When  the  whole  of  the  ore  is  decomposed, 
which  may  be  known  by  the  absence  of  brown  or  black  sediment, 
the  contents  of  the  vessel  are  made  up  to  a  definite  volume,  say 
300  c.c,  and  100  c.c.  of  the  dirty  milky  fluid  well  acidified, 
diluted,  and  titrated  for  the  excess  of  oxalic  acid  by  permanganate. 
If,  in  consequence  of  the  impurities  of  the  ore,  the  mixture  be 
brown  or  reddish  coloured,  this  would  of  course  interfere  with  the 
indication  of  the  permanganate,  and  consequently  the  mixture  in 
this  case  must  be  filtered ;  the  300  c.c.  are  therefore  well  shaken 
and  poured  upon  a  large  filter.     When  about  100  c,c.  have  passed 
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i.  t.h:it  quantity  can  be  token  by  tin'  pipette  and  titrated  as 
«e 
ilotioo  i»    art  dilute  and  Creel)  add,  it  will  be  found 
that  the  pei  a  dirty  brown  colour  instead  of  Els 

Vfll-kn  i  .  if  the  first  few  drops  of  permanganate 

ffodoea  the  proper  oolom  immediately  they  are  added,  the  solution 
id  dilute, 
ran,  of  the  ore  be  weighed  f«T  analysis,  the  number  of 
normal  oxalic  acid  will  give  the  neroentu  le;  but 

is  rather  a  large  quantity,  and  takes  some  tun-    I 

-nantity  liniv  be  taken,  whan  the  par- 
>v  doubling  the  volume  of  oxalic  acid. 

Example.  Tlio  permanganate  was  titmied  with  norma]  malic  acid,  and  ii 
was  found  thnt  1  e.e.— o  25  o.o.  of  normal  oxnlio  acid.    8*178  ran.  of  a  rich 
of  oomnutroLftl  manganese  (pyrolusite)  were  treated  with  60 

iher  with  5  c.c.  of  concentrated  ralphurto  acid,  until  the 

locoinpoKition  mi  oomplata,    The  remitting  eoltttioa  mi  milky,  but  cou- 

obneure  the  colour  of   the  permanganate,  and  therefore 

io  lilir.iti-.il.     It  was  diluted  to  300  cc.j  and  100  ca  taken  fur  tilru- 

aWfWhiot]  required  <T2  c.e.  of  permanganate,    A  second  100  o%o.  required 

>*3,  mean  *»"25,  which  multiplied  by  8  gars  18*1*8  »<.  :  Una  multiplied  by 

tor  0*26  to  convert  it  into  oxalic  acid  gave  4'Cft  cc.  normal  oxalic-, 

and  On-  from  the  original  SO  o.c.  used* left  a6*32ex.    WW 

<re  manganic  dioxide. 

This  process  poeaeaeee  on  advantage  over  tlu*  followizur,  Ltiasmaofa 

cctimng  bom  tin*  prest  i 
iv  be  broken  off  at  anj  stage,  and  resumed  at 
i»*  operator's  convenience. 


8.     Estimation   by  Iron. 

Thi  most  satiafs  moi  iron  lb  soft  "ikwer"  wire,  which 

n  i-tily  soluble  in  sulphuric  acid     If  n  perfectly  dry  and  un- 
otidissd  double  iron  salt  be  it  hand,  its  uae  saves  tame,     I  moL  <«f 
It=392,  representing   13'.*  <»f  MnO-',  r-nsi'.jiu.'iitly.  1  ^in.  <»f 

of  the  double  salt ;  or  in  order  fcb  i 
ige  shall  be  obtained  without  calculation,  1111  am  "I  or 

■  nee  of  free  sulphuric  acid, 
itli   10  gm,   of  double  iron  salt,  Lira  whole  of  which  would  be 
luired  |»ure  dioxide.     The  und«  ora 

■  the  und  of  the  reaction  is  estimated  by 
bichromate  ;  the  quanti  found  i 

•Tii  the  original  10  gin.,  and  if  the  remainder  be  multiplied  by  10 
■  ige  <if  dioxide  is  gained, 
ad   of   this   plan,   which    m  i  I    weighing 

quantity  may  from  the  tared  bottle,  ,fis  before 

-i-il,  ami  digested   with   nn  ,  the  weight 

known.     Aftoi  tli<  undeeoinposod  quantity  is  found  by 

i   bichromate,  the  remainder  b  multiplied  by  the 
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0*111,   which    gives   the    proportion    "f    d 

whence  the  percent  LooJatod 

The  decomposition  "f  tl  ■  utly  U*  m 

i  In*  flask  apparatus  fig.  35.     The  ore  in  firat  put  in: 

ig  flask,  then  the  iron  nit  and  mut  solve  tin-  *dt 

up'  extent  before  the  sulphuric  acid  is  uUdetL     Snip] 

should  be  used  is  considi  <-n.n,  and  the  dusk  hi 

s|iint  lamp  till  all  tin*  ore  m  decomposed  ;   th 

cooled,  diluted,  and  the  who!  i!   titrated  with  | 

i  rr  bichromate.     Instead  ppeiutua,  a  single  Bask,  with  I 

Jin-!  indiarubber  valve,  will  be  lent 

Example;    1   gm.  or   double  imn  *alt  was  titrated  witU  permanganate 
solution,  of  which  21"  1  cue.  irefl  required. 

1111  gm.  "f  the  sample  of  manganese  was  accurately  weighed  and  digested 
with  H  gm.  of  iron  sn.lt,,  sod  snip!.;  Alter  the  I  i 

of   permanganate  were  required  to  pcronidire  the  undi  «lt 

(=0'42  gm.},  which  deducted  from  US  S*  gm.  originally  used  left  7'58  gm. ; 
or  placing  fins  d* -imnj  point  one  place  to  the  right,  joH  per  cent,  of  pure 
(Bonds. 

In  ii  using  £j  bichromate  for  the  titi 

pirn  is  convenient  of  yh  bichromate*  3*92  gm.  ol  doable 

Iron  salt  (supposing  ii-  u*  be  perfectly  pure),  therefore  if  0 
"f  the  sample  <>f  ore  be  boiled  with  3*9S  gm.  ol  the  dot 
ami  I'M-  i  I,  tin'  number  of   cc,  of   bichromate  requi 

deducted  from  100  will  leave  the  number  coirespondin| 
peroentage, 

Ksaawlti  0*436  gm.  Of  the  Same  sample  as  examined  before  was  boiled 
wiili  8*w2  kin  of  double  salt,  and  afterward*  required  21  c.c.  of  ,*,  biehro- 
uuite,  whirh  deducted  from  100  leaves  76  per  cent  of  dioxide,  agr. 
closely  with  the  previous  examinat 

When  using  metallic  iron  for  the  titration  (which  in  most  cases  is  preferred) 
PattiiiMUi  proceeds  as  follows: — 30  grn.  of  clean  iron   wire  are   placed 
in  the  apparatus  flg.  35,  with  3  oz.  of  dilute  sulphuric  acid,  made  by  add 
3  part«  of  water  to  one  of  concentrated  acid.     Wheu  the  iron  is  quite  diw- 
.'to  gm*  at   the  finely  powdered  aud  dried  sample  of   manganese  ore  to 
tested  are  put  into  the  dusk,  the  cork  replaced,  and  the  contents  again  mode 
to  boil  nutty  over  u  gas  flame  until  it  is  seen  that  the  whole  of  the  black 
|»art  of    the  manganese  is  dissolved.     The  water  in  the  small  flask  i-  I 
allowed  to  recede  through  the  bout  tube  into  the  larger  flask,  more  distilled 
water  is  added  to  rinse  out  the  small  flask  or  beaker  and  bent  tube,  the 
well  rinsed,  and  the  aonteots  of  the  flask  made  up  to  about  8  or  10  OS.  with 
distilled  water.     The  amount  of  iruu  remaining  un  oxidized  in  the  sol" 
Lfl  men  ^certaincd  by  means  of  a  standard  solution  of  potassic  bichromate. 
The  amount  indicated  by  the  bichromate  deducted  from  the  total  amount  of 
iron  used,  gives  the  amount  of  iron  which  hat  been  o.'.. 
nose  ore,  and  from  which  the  percentage  of  manganic  dioxide  contain- 
the  ore  can  be  calculated.     Thus,  supposing  it  were  found  that    I  gm.  ot 
iron  remained  unoxidiied,  then  80—4=26  grn.  of   iron  which  have  I 
oxidized  by  the  30  grn.  of  ore.     Then,  as 

56  :  43  5  :  :  26  :  202 
the  amount  of  dioxide  iu  the  30  grn.  of  ore.    The  percent  I 
67*3.    Thus— 

80  :  20'S  :  :   100  :  07  83 
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Grain  weights  art*  given  in  this  example,  but  those  who  use  the 
in    will    b  difficulty   in   arranging    the   detail* 

dingly. 
The  method  generally  adopted  al  alkali  wotlu  is  u  follows: — 

1  0875  gui.  of  the  finely  ground  dried  ore  into  a  email  il  i^k, 
rite  tube  and  elastic  valve.     Ada  to  it  75  <•.<-.  <>f  a  solution  made  by 
ig  100  irm.  pure  ferrous  sulphate  in  water,  adding   100  OA  pan 
Liluting  to  u.  liter.     Close  the  fl;wk  by  il*  imli  irubber  stoprp 
ming  tho  valve,  and  heat  till  the  ore  is  decomposed,  leaving  only  a  lijjht 
tloured  sediment.     After  oomplcU)  cooling,  add  about  200  c.c.  cold  water, 
A   immediately  titrate  with  ^  permangautitc  to  a  faint  pink.     While  aha 
b  decomposing,  titrate  25  i.e.  of  the  iron  solution  to  ascertain  its  exact 
igth,   and    OBJOalate    the   volume    toe    ~'>   c.c.      Deduct   the   difference 

of  permanganate  s-i  found  represents 
0*02175  gnu  MnO2  or  2  per  oenL 


MERCXTRY. 
200. 


0.6.   *a  eolation 


0-0200  urn.  rig. 

0-0208Siii.  Hg"0 
=  0-0271  gm.  il 
Doable  iron  wdt  x  0*5104  =  11^ 

y  0-6914  =  H«n^ 


1.      Precipitation    as    Mercuroui    Chloride. 

t't.    The  eolation  to  be  titrated  mast  not  be  wanned,  and  moat 
the  metal  only  in  tho  form  of  protosalt.     ^  eodio  chl 
1   in  slight  excess,  the  precij  ihed   with  the   I 

quantity  of  water  to  ensure  the   removal  of  all  the  aodic 
the  filtrate  a  few  drope  of  chromate  indicator  are  added, 
then  pure  iodic  carbonate  till  the  Liquid  is  of  clear  yellow  oolour, 
-,*a  silver  ia  then   delivered  in  till  the  red  colour  oectna.      The 
quantity  of  aodic  chloride  ao  found  is  deducted  from  that  originally 
in-1  the  rtiffen  dated  in  the  usual  way. 


2.      By    Ferrous    Oxide    and    Permanganate    (Mohr). 

■  I  on  the  fact   that  when  mercuric  chloride 

ite)  is  brought  in  contact  with  an  alkaline  solution 

tide  in  excess,  the  latt  r  i-  converted  into  ferric  oxide, 

■  i  hloride  (calomel).   The 
of  ferrous  oxide  is  then  found  by  permanganate  or  biohro- 

_IIgCl2  +  2F  <         0  Q» 

convert  the  mi  rcury  to  Ik* 

ito  tlie,   form  of  subl  t^v«i>oratiuy  it  to  dryness 

with  nitro-hydrochloric  acid;  this  must  take  place,  however,  In-low 
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Iwiling  heat,  as  vapours  of  chloride  escape  with  steam  at  100°  C. 
(Fresenius). 

Nitric  acid  or  free  chlorine  must  be  altogether  absent  during  the 
decomposition  with  the  iron  protosalt,  otherwise  the  residual 
titration  will  be  inexact,  and  the  quantity  of  the  iron  salt  must  be 
more  than  sufficient  to  al>sorb  half  the  chlorine  in  the  sublimate. 

Example :  1  gm.  of  pure  sublimate  was  dissolved  in  warm  water,  and 
3  gm.  of  double  iron  salt  added,  then  solution  of  caustic  soda  till  freely 
alkaline.  The  mixture  became  muddy  and  dark  in  colour,  and  was  well 
shaken  for  a  few  minutes,  then  sodic  chloride  and  sulphuric  acid  added,  con- 
tinuing the  shaking  till  the  colour  disappeared  and  the  precipitate  of  ferric 
oxide  dissolved,  leaving  the  calomel  white ;  it  was  then  diluted  to  300  c.c. 
filtered  through  a  dry  filter,  and  100  c.c.  titrated  with  T*V  permanganate,  of 
which  13-2  c.o.  were  required — 18-2x3=89*6,  which  deducted  from  76*5  cc, 
(the  quantity  required  for  3  gm.  double  iron  salt)  left  86*9  cc— 1*447  gm. 
of  undecomposed  iron  salt,  which  multiplied  by  the  factor  06914,  gave 
1*0005  gm.  of  sublimate,  instead  of  1  gm.,  or  the  36*9  cc  may  be  multiplied 
by  the  T\  factor  for  mercuric  chloride,  which  will  give  1  gm.  exactly. 

3.     By   Iodine    and    Thiosulphate    (Hempel). 

If  the  mercury  exist  as  a  protosalt  it  is  precipitated  by  sodic 
chloride,  the  precipitate  well  washed  and  together  with  its  filter 
pushed  through  the  funnel  into  a  stoppered  flask,  a  sufficient 
quantity  of  potassic  iodide  added,  together  with  ^  iodine  solution 
(to  1  gm.  of  calomel  about  2*5  gm.  of  iodide,  and  100  c.c  of  yJr 
iodine),  the  flask  closed,  and  shaken  till  the  precipitate  has 
dissolved — 

Hg2Cl2  +  6KI  +  21  =  2HgK*I4  +  2KC1. 

The  brown  solution  is  then  titrated  with  -^  tliiosulphate  till 
colourless,  diluted  to  a  definite  volume,  and  a  measured  portion 
titrated  with  -^  iodine  and  starch  for  the  excess  of  thiosulphate. 
1  c.c.  -j^  iodine  =  0*02  gm.  Hg. 

Where  the  mercurial  solution  contains  nitric  acid,  or  the  metal 
exists  as  peroxide,  it  may  be  converted  into  protochloride  by  the 
reducing  action  of  ferrous  sulphate,  as  in  Mohr's  method.  The 
solution  must  contain  hydrochloric  acid  or  common  salt  in  sufficient 
quantity  to  transform  all  the  mercury  into  calomel  At  least  three 
times  the  weight  of  mercury  present  of  ferrous  sulphate  in  solution 
is  to  be  added,  then  caustic  soda  in  excess,  the  muddy  liquid  well 
shaken  for  a  few  minutes,  then  dilute  sulphuric  acid  added  in 
excess,  and  the  mixture  stirred  till  the  dark-coloured  precipitate 
lias  become  perfectly  white.  The  calomel  so  obtained  is  collected 
on  a  filter,  well  washed,  and  titrated  with  yjj  iodine  and  thiosulphate 
as  above. 

4.     Direct    Titration    with    Sodic    Thiosulphate    (Scherer). 

The  standard  thiosulphate  is  made  by  dissolving  ^  eq,  =  1 2*4 
gin.  of  the  salt  in  1  liter  of  water. 
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Tlf  re  i. ■tioii  wliii  li  takes  place  with  tluoBulpkkte  hi  1 

te  is 

;l-'s  +  tftt*80*+2**0* 
Willi  mereujrie  nitrate 

3Hg  5«0«    8HgS.B  i    0  ■  2E*0 

With  d  blonde — 

3Hg  ¥0  f3H*0-2HgaHga«  +  2lsV80*+*Ha 

Mercuroun    Salts. — The  lohlti  ID  COnUiaiOg 

-alt  only  is  dilated  tied,  and  the  th!e  i  ivered  in  frotn  tin 

te  well  tdmkinir  uutil  the  In>*t  drop  prode 
brown  Colour.     The  aulphkta  wttlea  finely,  and  allows  the  cud  ox  the  i 
to   be  aaaily  wen.      1   c-.c.  of  thio5iilphute=O0i!0  gm.  Ilg.,  or  00208  inn. 
I 

0*)     Kercuric  N:trat*. — The  solution  is  considerably  diluted,  pul  into  ■ 
1    (task,  nitric  acid  added,  and  the  thioaulpb 

D    mean  while,  until  the  I:i>t    drop  produces 

no  further  ycRow  precipitate.    Soberer  rcconuneodj  that  whan  lie 
part  of  the  metal  i-  precipitated,  the  mixture  should  be  diluted  to  b  d 
nauame,  the  settle,  and  a  measured   •iiinntit v  of  the 

r.mi  uuten  f<>r  titration  ;  tbe  analysis  may  then  be  ofa 

ir  liquid,  if  needful.     1  o.c.  iUioyuIphate=0'015  gw.  Hg.„ 
or  00161  pa.  HgO. 

{c)     Mercuric  Chloride. — With  mercuric  chloride  (sublimate)  Un 
the  ptoocae  ia  not  so  easily  seen,    The  prooedun  is  as.  follows: — Thaverj 
Bed  with  hydroohJoric  acid,  heated  nearly  to  boiliug, 
mid  the  itun-.iilj.il   i  i»ly  added  so  long  U  ■>  white  precipitate  la  seen 

to  form  b  of  the  precipitant  prodooes  a  dirty-looking  colour. 

FUtratio  uuguiafa  the  exact  ending  of  tho  umilltai,  fui 

which  purpose  Beale's  Alter  (fig,  19)  is  useful 

Liebig'e  method  ia  tin  of  tint   used  for  determining 

chloridea  in  urine,  a  ulic  phosphate  being  used  aj  indical  in  the 
iiUnnliiiii  of  mercury,  instead  of  tin-  urea  occnrrinff  naturally  in 
urine.     Tin*  method  i>  capable  of  very  slight  application. 


5.     As    Mercuric    Iodide    (Peraonno),    Compt.    Bend.    lvi.    63. 

Tin-  tided  cm  the  fact  that  if  a  solution  of  niarctuic 

chloride  !»'■  iulile<l  to  one  of  potassie   iodide,  in  the  proportion  of 
il  of  the  former  to  4  of  the  latter,  red  uiercurn   iodide  ia 
farmed,  which  diasoh  dution  nut  il  tic  halanco  ia 

fiped,  when  the  brilliant  red  colour  «<f  the  iodide  oppi 
in  the  amalleai   >[> 
tie  liquid.     The  mercuric  solution  muat  alwaya  i- 
t..  Una  iodidi  ,  a  reversal  of  the  process,  though  giving 

[Uiiiitiuitivi  i    is  nevortlielesft  much  less 

trustworthy.   The  n  com}>ouiida  to  U 
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l>y  this  process  must  invariably  be  brought  into  the  form  of  neutral 
mercuric  chloride. 

The  standard  solutions  required  are  decinormal,  made  as  follows : — 

Solution  of  Potassic  iodide. — 33*2  gm.  of  pure  salt  to  1  liter. 
1  cc.=001  gm.  Hg,  or  001355  gm.  HgCR 

Solution  of  Mercuric  chloride. — 13'537  gm.  of  the  salt,  with 
about  30  gm.  of  pure  sodic  chloride  (to  assist  solution),  are  dissolved 
to  1  liter.     1  c.c=0*l  gm.  Hg. 

The  conversion  of  various  forms  of  mercury  into  mercuric  chloride 
is,  according  to  Personne,  best  effected  by  heating  with  caustic 
soda  or  potash,  and  passing  chlorine  gas  into  the  mixture,  which 
is  afterwards  boiled  to  expel  excess  of  chlorine  (the  mercuric 
cldoride  is  not  volatile  at  boiling  temperature  when  associated  with 
alkaline  chloride).  The  solution  is  then  cooled  and  diluted  to  a 
given  volume,  placed  in  a  burette,  and  delivered  into  a  measured 
volume  of  the  decinormal  potassic  iodide  until  the  characteristic 
colour  occurs.  It  is  preferable  to  dilute  the  mercuric  solution  con- 
siderably, and  make  up  to  a  given  measure,  say  300  or  500  cc. ; 
and  as  a  preliminary  trial  take  20  cc  or  so  of  iodide  solution, 
and  titrate  it  with  the  mercuric  solution  approximately  with  a 
graduated  pipette ;  the  exact  strength  may  then  be  found  by  using 
a  burette  of  sufficient  size. 


6.     By   Potassic   Cyanide    (Hannay). 

This  process  is  exceedingly  valuable  for  the  estimation  of  almost 
all  the  salts  of  mercury  when  they  occur,  or  can  be  separated,  in  a 
tolerably  pure  state.  Organic  compounds  are  of  no  consequence 
unless  they  affect  the  colour  of  the  solution. 

The  method  depends  on  the  fact  tliat  free  ammonia  produces  a 
precipitate,  or  (when  the  quantity  of  mercury  is  very  small)  an 
opalescence  in  mercurial  solutions,  which  is  removed  by  a  definite 
amount  of  potassic  cyanide.  The  oj>eration  is  performed  in  a  flask 
or  beaker  standing  upon  a  dull  black  ground,  such  as  unglazed 
black  paper  or  black  velvet. 

The  delicacy  of  the  reaction  is  interfered  with  by  excessive 
quantities  of  aramoniacal  salts,  or  by  caustic  soda  or  potash ;  but 
this  difficulty  is  set  aside  by  the  modification  suggested  by  Tuson 
and  Neison(«/;  C.  S.  1877,  679). 

Mercury  compoimds,  insoluble  in  water,  must  be  dissolved  in 
nitric,  sulphuric,  or  hydrochloric  acid,  or  in  some  cases  it  may  be 
necessary  ;to  xise  aqua  rerjia.  The  solution  so  obtained  is  then 
mixed  with  a  certain  proportion  of  amnionic  chloride  and  potassic 
carbonate,  when  the  characteristic  precipitate  is  at  once  formed, 
and  may  be  removed  by  standard  cyanide. 


NICKEL. 


ird  solutions  are  : — 
loride,- 


13'537  gm,  pet  liter. 


Solution  of  I*.  ■  lading  strength,  node  by 

alving  about  17  gin.  of  pure  crystals  of  ]  audi  La  a 

i  water. 

I  issuable  to  have — 

Solution  of  Aramonn  chloride. — 5'W gm.  per  liter. 

task  carbonate. — 69  gin.  pet  liter. 

Amnionic  hyilniK  -< me  j»;trt  of  stmng  solution  to  nine  jMirts 
ti*r. 

These  fatter  solutions  ;ir-  -r<lin^  to  tin-  judgment  "f  tin- 

i    i  ing  in  mind  that  in  }«•  oaae 
-I  tli.-rr  be  present  during  titration  an  amount  of  i 
mop-  tlmn  ten  or  fifteen  times  tliat  of  tin'  msronry  to  ha 
It  is  beet  to  haw  ih«- condition-  poeniblo 

sain  I-  existed  in  the  origraa]  titration 

>f  the  standard  solul 
Where  tin*  mercury  compound  is  only  slightly  acid,  tin*  fret* 

inmoni.i  may  Ik-  DSed    for  neiitmli/.iiu; ;  on  the  other    luunl,  in  the 

I  much  free  u.  i<l,  potassic  carbonate  should  be  used  for  this 

receded  h\  some  amnionic  chloride  in  moderate  quantity 

t«>  produce  the  precipitate.     If  any  mercurial  solution  should  be 

contaminated  with  ammonia  com|H>umls,  potassic  carbonate 

is  addad  in  excess,  and  the  mixture  boiled  bo  remove  tin*  ammonia. 

To  mercui]  -    thii  method,  hut  on  the  other  hand  it  i« 

to  attempt  tin'  removal  of  free  acid  by  boiling]  as  mercury 

lost  under  such  conditi 

Titration  of  the  Pottuxic  Cyanide:  CO  c.c.  of  the  standard  mercuric 
shloride  being  measured  into  a  beaker  standing  on  a  black  lurfaee,  there  are 
added  to  it  2  or  3  c.c.  of  amnionic  chloride  and  a  drop  or  two  of  ammonia. 
The  cyanide  i»*  then  run  niutimiMv  in  from  the  burette  with  OOJBSteat  •■tirrin^, 
until  the  last  trace  of  opale*<  •  ipears.     If  the  volume  o(  ryanide  is 

niay  be  diluted  to  the  requisite  strength,  or  if  mora,  a  factor 
fnuud  for  i*alctilntion.  The  solution  varies  slightly  from  time  to  time,  and 
icnce  must  be  verified  before  used. 

mi  found  tin-  j>i  L'ediagly  accurate  in  a  long eeriee of 

Eperiments  upon  various  salts  of  mercury.  In  the  case  of  very 
-mall  quantities  of  the  metal  cjfg  cyanide  should  ! 


NICKEL. 


The  estimation   of   this   metaJ   volumetrioally  has  not 
Usiaclory.      If  l(  -< il 1 1 1  ion  of  it  in  a  tolerably 
«uti*  can  In-  obtained  by  the  removal  of  other  metalB  and 
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substances  liable  to  interfere  with  its  precipitation  as  oxalate,  it 
may  be  titrated  in  that  form  in  the  same  way  as  zinc  (§  78).  The 
estimation  in  conjunction  with  cobalt  is  given  in  §  53. 

Moore  (G,  N.  lix.  160,  293)  lias  described  a  process  which  gives 
rapid  and  fairly  good  technical  results,  comparing  favourably  with 
electro  estimations. 

The  method  is  based  on  the  formation  of  a  double  cyanide  of 
nickel  and  potassium,  in  alkaline  solution,  with  cupric  ferrocyanidc 
as  indicator. 

The  solutions  required  are — 

Pure  Potassic  cyanide,  22  to  25  gm.  per  liter,  so  that  20  cc. 
shall  about  equal  0*1  gm.  Ni.  Tliis  should  be  standardized  on 
pure  metal. 

Cupric  ferrocyanidc  indicator,  prepared  by  precipitating  a  weak 
solution  of  cupric  sulphate  with  potassic  ferrocyanide,  and  dis- 
solving the  precipitate  after  decantation  in  a  solution  of  amnionic 
oxalate. 

The  Analysis :  To  the  slightly  acid  solution  of  the  metal  (which  may  also 
contain  Fe,  Zn,  Al  or  Mn,  the  latter  in  small  quantity,  also  sulphates,  nitrates, 
chlorides,  or  acetates,  but  not  very  large  quantities  of  free  ammonia)  in  a 
white  porcelain  basin,  an  excess  of  sodic  pyrophosphate  is  added,  until  the 
precipitate  first  formed  is  dissolved ;  the  liquid  is  then  made  faintly  acid  with 
HCl,  and  finally  distinctly  alkaline  with  NH3.  The  standard  cyanide  is  then 
run  in,  with  constant  stirring,  until  the  blue  colour  disappears,  and  gives 
place  to  a  yellowish  tint.  A  measured  quantity  of  the  indicator  is  now 
added,  which  imparts  its  own  violet-brown  colour;  the  addition  of  the  cyanide 
is  cautiously  continued  until  the  colour  is  destroyed.  Practice  is  necessary 
to  distinguish  the  proper  end-reaction.  When  zinc  is  present  the  cyanide 
must  be  added  slowly,  and  only  until  tho  ferrocyanide  colour  vanishes,  as 
if  continued  until  the  yellow  colour  occurs,  the  results  will  be  too  high. 


NITROGEN    AS    NITRATES    AND    NITRITES. 

Nitric   Anhydride. 

N2Q5=108. 


Nitrous 

Anhydride. 

K203  =  76. 

Factors 

Normal  acid 

X 

0-0540  =  N«06 

Ditto 

X 

01011  =KXOs 

Metallic  iron 

X 

03750  =  HN03 

Ditto 

X 

0-6018  =  KN03 

Ditto 

X 

0-3214  =  X205 

§  67.  The  accurate  estimation  of  nitric  acid  in  combination 
presents  great  difficulties,  and  can  only  be  secured  by  indirect 
means;  the  methods  hero  given  are  sufficient  for  most  purposes. 


N1TIIATI  22S 

Yi-ry  few  <>f  them  con  be  said  to,  but  it  i.s  bo  be  r>    i 

i  be  obtained  fad  thi  (nation 

i  many  <<f  its  combinations. 

L     Gay   Luiiac'e  Method  modified  by  Abel  (applicable  only 
to   Alkaline   Nitrate*). 

This  process  depend*  upon  the  conversion  of  potasaic  or  sodio 
nitmtos  into  carbonates  by  ignition  frith  carbon,  and  the  titration 
of  the  carbonate  bo  obtained  by  ooraal  acid.  The  nnxnbnof  <•.<■. 
of  normal  acid  required  multiplied  by  OiOl  will  give  the  freight 
of  pore  potasaic  nitrate*  in  grams;  l>\  0*085,  the  freight  oi 
■ 

The  beat  method  «.f  procedure  Is  as  follows; — 

Tljt*  sample  is  finely  powdered  aud  dried  in  an  air  bath,  and  1  gni.,  or  an 

equivalent  quantity  in  grains,  weighed,  introduced  into  a  platinum  cru»-ii>li\ 

and  railed  with  a  fourth  of   ita  weight  of   pure  graphite  (prepared  by 

Brodie'l  process),  and  four  times  its  weight  m  pure  ignited  sodic  chloride, 

I  ii  ibis  U  thru  ootersd  and  heated  moderately  tor  twenty  minutes  over 

»  Bunscn's  burner,  or  for  eight  or  tou  minutes  in  a  raufQo  (the  heat  must 

not  he  *»  great  as  to  volatilise,  the  chloride  of  sodium  to  any  exteut).     If 

it  thev  will  he  reduced  to  sulphides;  and  as  these  would 

oonsuBM  the  oormal  sola,  sod  bo  lead  to  fulso  result**,  it  is  necessary  to 

Kpritikli'  the  --  with  a  little  powdered  potassic  clUorate,  and  heat 

moderately  till  all  effervescence  has  ceased.    The  crucible  is  than  tal 

■side  to  '(Mil,  wann  water  added,  the  contents  brought  upon  a  filter,  ind 

tre  mi  longer  alkaline.     The  filtrate 
is  then  titrated  with  normal  acid  in  tho  ordinary  n 

2.      Eatimation   of   Nitrates   by   Distillation    with  Sulphuric   Acid. 

Thi.-*  method  ia  *>f  vi-r>   genera]  application]  but  particuli  i 
with  the  impure  alkal  .     The  pro© 

J  uuuiipulation,  but  yields  a©  ulte. 

Tin  :  hoda  of  pro<     lun 

the  weighed  nitrate  into  B  Miiall  tubulated  retort  with  a 

cooled  mixture  of  water  and  strong  sulphuric  acid, in  the  proportion  of  lOc.c. 

r  and  5  c.o.  of  talphitria  add  for  1  gm.  of  nitrate.    The  ueek  of  the 

-  drawn  out  to  a  point  and  bent  downward,  filtering  a  potash  or  other 

bulb  apjsiratus  containing  normal  caustio  alkali.    The  retort  is 

L-bath,  and  booted  to  170"  0.  (838"  Fahr.) 

any  liquid  distils  over;    the  heat  must  never  exceed    I7.V  C. 

1  ihrj,  otherwise  traces  of  sulphuric  acid  will  come  over  with  the 

The  quant i  ur  is  found  by  titrnting  the 

tluid  in  lbs  receiver  wHo  fid  as  usual. 

DlatUUtion   in  a   Partial  Vacuum    (Fiiihcner).-    Bj     tliw 
uo  danger  of  con tamiuu ting  tlie  distillate  with 

aulnhiu  iiupIi  eis  tl peration  is  conducted  in  a  water 

tin  9U]M*rintenfU*in 

as  before  described,  but  the  Deck  is  not  drawn  out 
or  bent ;  the  stopper  ot  the  tubtiltirc  must  be  well  ground.     The  receiver  is 

4} 
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ik  with  narrow  n.  ling  the  reouiaits  , 

alkali  diluted  to  about  30  c.e.     The  receiver  is  bound,  air-tight,  to  tb< 
of  the  retort  (which  should  reach  nearly  to  the  middle  of  tl 
means  uf  a  vulcanized  lube :  the  proportions  of  acid  and  water  before 
tinned  are  introduced  into  the  retort  with  a  tube  funnel.     The  stopp. 
retort  is  then  removed,  and  the  contents  both  of  the  receivex 
heated  by  spirit  or  gas  lamp  to  boiling,  so  as  to  drive  out  the  air;    the 
weighed  nitrate  contained  in  a  small  tune  is  then  dropped  into  tlu 

roper  inserted,  i ho  lamps  removed,  and  the  retort  brought  into  the 

water  bath,  while  the  reviver  b  Itcpl    1  uith  wr-l  tow.  or  placed  in  cold 

water.    The  distillate  is  titrated  as  before.     1  or  2  grn.  of  saltpetre  require 
about  four  hours  for  the  completion  of  the  process, 

Finlcener  obtairn  i  alts  by  thia  method. 

When  rliloridcs  an*  present  in  the  nitrate,  n  small  qtani 
moist  oxide  of  silver  is  added  to  the  mixture;  before  dietOlati 


3.     Estimation   by   conversion    into   Ammonia    (Schulxe  and. 
Vernon   Haroourt). 

The  principle  of  thia  method  ia  baaed  on  the  fact  that  when  a 
nitrat<-  I  with  a  strong  alkalim-  md  fine  added, 


ammonia  is  evolved ;  when  ssinc  alone  is  used,  however,  the 
of  ammonia  liberated  ia  not  ■  constant  measure  "f  the  nitric  arid 
present.      Vernon    Harcourt    ami    Siewert    appear    t<>    havr 
arrived  independently  at  the  result  that  by  using  a  mixttin 
and  iron  the  reaction  was  perfect  (/.  C, 
w.  Fhar.  oxxv.  293). 
A  convenient  fonn  of  apparatus  la  shown  in  fig 

The  distilling  flask  holds  about  200  e.c,  and  is  closely  connected  by  a 
tube  with  another  smaller  flask,  in  such  a  uianner  tl 
obliquely  upon  a  sand-bath,  the  bulb  of  the  smaller  fl 
the  neck  of  the  larger.    The  oblique  direction  prevents  l 
boiling  liquids  from  enteriug  the  exit  tubes,  but  as  a  further 
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tan 


sr  mo  in  both  flwks  turned  into  the  form  of  a  hook :  from  the*  second 
rbich  must  bo  somewhat  wide  in  1  tie  mouth,  u  long  tube  pawes  through 
*  Liebi^'s  otmdannr  (wUflfa  tin.  !>e  made  of  wide  gias.*  lube)  into  an 
ordinary  tubulated  receiver,  containing  normal  BoJpfcaric  add  coloured  with 
an  indicator.  The  end  of  the  distilling  tube  roaches  to  about  the  middle  of 
the  receiver,  through  the  tubulure  of  fridofa  Hurrourt  peases  a  bulb 
apparatus  of  peculiar  form,  containing  aUo  coloured  normal  acid  ;  instead  of 
ver,  a  chloride  of  calcium  tube,  tilled  with  broken  glaiw,  and 
tth  ado,  will  answer  the  purpose.  The  distilling  tube  should  be 
it  'it  abool  two  hsobei  braa  the  cork  of  the  second  flask,  mid  eonueotcd  by 
of  a  woll-tHting  vuleanuod  tube;  by  this  means  water  may  be  passed 
the  tube  when  the  distillation  is  over  so  as  to  remove  any  traces  of 
li  may  be  retained  on  its  sides.  Alt  the  corks  of  the  apparatus 
be  soaked  in  hot  paraffinc,  so  as  to  till  up  the  pores. 
Mag  ready,  about  50  gut.  of  finely  granulated  zinc  {best  made  by 
pouring  molten  nnc  into  a  warm  iron  mortar  while  the  pestle  is  rapidly  beiuvr 
rubbed  ronud)  are  put  into  the  larger  flask  with  about  half  the  quantity  of 
clean  iron  tilings  which  have  been  ignited  in  a  covered  crucible  (fresh  iron 
and  shu  should  bo  u**t-d  for  each  analysts);  the  weighed  nitrou-  Ea  then 
either  in  solution,  or  with  water  in  sufficient  quantity  to 
dissolve  it,  strong  solution  of  caustic  potash  added,  and  the  flask  immediately 
connected  with  tin-  enpantas,  ami  plaoed  on  a  small  sand-Uilli,  whit  h  oat) 
be  heated  by  a  gas-burner,  u  little  water  being  previously  put  into  the 
second  flask.  Convenient  proportion!  of  material  are  J  gm.  uitre,  and 
>ut  25  e.c.  each  of  water,  and  solution  of  potash  of  spec.  grav.  1'3. 
IS  mixture  should  be  allowed  to  remain  at  ordinary  temjwralure  for  abmil 
hour  (Kd.-rl. 

Heat  is  now  applied  to  that  part  of  the  sand-bath  immediately  beneath 
<r  flask,  and  the  mixture  is  gradually  raised  to  tbe  boiling  point. 

the  water  in  the  second  flask  i« 

to  boil  gently  ,  by  this  arrangement  the  fluid  is  twice  distilled,  and  any 

traces  of  fixed  alkali  which  may  escape  the  BrsJ  are  urn  to  be  retained  in  the 

:  flask.    The  distillation  with  the  quantities  above  named  will  occupy 

m  hour  ami  a  half,  and  is  completed  when  hydrogen  la  pretty  freely 

•tash  becomes  concentrated.     The  lamp  is  then  romovt-d, 

the  whole  allowed  to  cool,  the  distilling  tube  rinsed  into  the  receiver, 

uing  broken  glass;  the  contents  of  the  receiver  are  then 

•tosh  or  soda  as  usual. 

Eder  recommend.-:  that  an  ordinary  retort,  with  its  beak  set  upwards, 

mid   he  used  instead  of   the  flask  for  holding  the  nitrite,  ami  that  nn 

-In.uld  be  attached  to  the  exit  tube,  so  that  a  current  of  air  may  be 

iwn  through  daring  and  after  the  distillation, 

trifles  and  sulphates  do  not  interfere  with  the  accuracy  of 
■  court,  EdoT,  ami  many  others,  including  mjBetf, 
i\-  obtained  very  sal  >     ■  !     this  method, 

aggested  a  modificnti  >n  of  this  process.     Tin-  'lis 

c.c,  flask  with  tul*'  lending  t«>  two 

ila-^ks  connected  together  as  wash  bottles,  and  containing 

I  acid.     For  1   gm.  of  nitre,  4  gm.  of  iron,  and   10  gm.  of 

p.<  filing,  with  l»i  gm.  of  i  tosh,  and  100  cc  ofalcoho]  of 

After  digesting  for  half  on  hour  in  the 

warmth,  a  stronger  heat  may  be  applied  to  drive 

into  th«'  acid  Bosks.     Finally,  10     LS  cc  "f 

alcohol  are  admitted  t"  the  distilling  flask,  and  distilled  off 

<-f  ammonia,  and  tfa  then 
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titrated  residually  as  usual.  The  alcohol  is  used  to  prevent  bumping, 
hut  this  is  also  avoided  in  the  original  process  by  adopting  the 
current  of  air  recommended  by  Eder. 

The  copper-zinc  couple  devised  by  Gladstone  and  Tribe  has 
been  used  by  Thorp  for  the  reduction  of  nitrates  and  nitrites 
occurring  in  water  residues,  etc.  (J.  C.  S.  1873,  545).  The 
resulting  ammonia  is  distilled  into  weak  hydrochloric  acid,  and  an 
aliquot  portion  then  Xesslerized  in  the  usual  way. 

M.  IV.  Williams  (J.  C.  S.  1881,  100)  has  shown  that  this 
reduction,  in  the  case  of  small  quantities  of  nitric  or  nitrous  acids, 
may  be  carried  on  by  mere  digestion  with  a  properly  arranged 
couple  at  ordinary  temperatures,  and  may  safely  be  hastened  by 
increasing  the  temperature  to  about  25°  C.  in  the  presence  of  cer- 
tain saline  or  acid  substances ;  alkaline  substances,  on  the  contrary, 
retard  the  action.     The  details  arc  further  described  in  Part  VI. 


4.    By  Oxidation  of  Ferrous  Salts  (Pe  louse).    Not  avails  Die  in  the 
presence  of  Organic  Matter. 

The  principle  upon  which  this  well-known  process  is  based  is  as 
follows : — 

(a)  When  a  nitrate  is  brought  into  contact  with  a  solution  of 
ferrous  oxide,  mixed  with  free  hydrocliloric  acid,  and  heated,  part 
of  the  oxygen  contained  in  the  nitric  acid  passes  over  to  the  iron, 
forming  a  persalt,  while  the  base  combines  with  hydrochloric  acid, 
and  nitric  oxide  (NO2)  is  set  free.  3  cq.  iron  =  168  are  oxidized  by 
1  eq.  nitric  acid  =  63.  If,  therefore,  a  weighed  quantity  of  the 
nitrate  be  mixed  with  an  acid  solution  of  ferrous  chloride  or  sul- , 
phatc  of  known  strength,  in  excess,  and  the  solution  boiled,  to 
expel  the  liberated  nitric  oxide,  then  the  amount  of  unoxidized 
iron  remaining  in  the  mixture  found  by  a  suitable  method  of 
titration,  the  quantity  of  iron  converted  from  ferrous  into  ferric 
oxide  will  be  the  measure  of  the  original  nitric  acid  in  the  propor- 
tion of  168  to  63;  or  by  dividing  63  by  168,  the  factor  0-375  is 
obtained,  so  that  if  the  amount  of  iron  changed  as  described  be 
multiplied  by  this  factor,  the  product  will  be  the  amount  of  nitric 
acid  present. 

This  method,  though  theoretically  perfect,  is  in  practice  liable  to 
serious  errors,  owing  to  the  readiness  with  which  a  solution  of 
ferrous  oxide  absorljs  oxygen  from  the  atmosphere.  On  this 
account  accurate  results  are  only  obtained  by  conducting  hydrogen 
or  carbonic  acid  gas  through  the  apparatus  while  the  boiling  is 
carried  on.  This  modification  has  been  adopted  by  Fresenius. 
with  very  satisfactory  results. 

The  boiling  vessel  may  consist  of  a  small  tubulated  retort,  supported  in 
such  a  manner  that  its  neck  inclines  upward:  a  cork  ia  fitted  into  the 
tubulure,  and  through  it  is  passed  a  small  tube  connected  with  a  vessel  for 
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generating  either  <  ■    ■     .  yen,     IT  a  weighed  quantity  of  pun- 

preparing  toe  solution,  the  washed  earboni 
hydro.-.  a  paoMd  throagb  the  apparatus  while  il  is  being  dissolved; 

i  ■*►  obtained,  ok  one  of  doable  snfphani  of  iron  and  enu 
known  strength,  being  already  in  the  retort,  the  nitrate  i^  carefully  Intra 

ire  heated  gently  by  ;!  small  lamp,  or  by  the  inter  bath,  for  ten 
-  or  so,  then  belled  until  the  dark-red  colour  of  the  tiquit 
and  gi  the  broTrnish-yollow  of  ferri-   compounds.    The  retorl  u 

ool,  tho  cutreul  -if  carbonic  acid  or  hydrogen  still  being 
i  the  Liquid  diluted  freely,  and  titrated  with 

tag  to  tli*>  iiregoJnritiefl  Attending  the  dm  of  pern    i 
wiUi  h  I    ic  acid,  it  is  preferable,  in  case  thi      i  Ed   I  ■  --  been 

mad,  to  dili  ite  with  liii  In  mi  ii  if.     Two 

of  pure  iron,  or  ite  equivalent  in  doable  iron  suit,  D*0  gm.  of 
saltpetre,  and  about  90  tc.  of 

dysis. 
i   {'/.    a,  C.  wi.  S67)  has  modified  Presenilis1  tmprovs- 

m.  of  very  thin  iron  v.  -  80  to  40  OUJ.  of  pun-  fin 

■  '.  in  ii  roton  of  about  2(yi*  ■•.<-.  capacity  ;  tho  beak  of 
•wards,  ;il  :i  moderately  acute  angle,  and  i-  connected  with 
(  -tube,  which  contains  water.    Solution  of  Ihedron  ii  battened  by  apply- 
smul  the  retort.    Throoghoul  the  entire  prjooeej  ;i  atresia  of 

i  through  the  apperatnt.     "When  the  iron  is  all  dissolved  the 
:  ream  of  COa  being  maintained  \  the  weighed 
of  nitrite  contained  in    i  mnll   -  (equal  to  abooJ   0/3  irui. 

n  quickly  passed  irl  through  tin-  neck;  the  h 

fore,  until  the  liquid  a 

The  whole  is  allowed  t<>  I  in  <  stream  of 

CO*;  wi  quantity, and  the  unoxidized  iron  h  detcrmiui-d  l»y 

titration  with  pernuuigauate.     !fhe  results  an  axceedhujVj  good 

If  tin-  CO8  In*  generated  is  a  Bask,  with  a  tube  passing  down- 

for  the  reception  of  the  acid,  air  always  finds  ita  way  into  the 

retort,  and  the  n  u nsatifif ttctory.     Elder  reoonunende  the 

Kipp'a  CO         1 1 mt us.      By  carrying  out   the  operation 

1,  he  li.t*  obtained  verj  good 

nrith  ferrous  sulphate  in  place  «»f  chloride. 

The  »me  apparatus  fa  hroturh  which  COT  eaten  the 

tort  rosse*  to  the  bottom  of  the  liquid  therein,  and  the  tower  extremity  tif 

ml  t"  i  fin';  point.    The  bubble*  of  CO*  are  thus  n 

nd  tlip  whole  «»f  the  nitric  oi  i  >ved  rrom  the  liquid  by  the 

se  bubbles.     The  iron  wire  i-  dissolved   in  excess  of   dilute 

hi  :  3  or  l   .  4).     When  the  tiqnid  is  the  retort  has 

•old,  a  small  if)  quickly  passed,  by  m  am 

latinum  wire  Attached  to  it,  through  the  Lunulas  ot  the  retort, 

■fore  the  tube  lias  touched  the  liquid:  CO7  h>  again 

thr  porntns  For  some  time,  after  which,  by  slightly  loosening 

ining  the  nitrate  i.«  allowed  to  fall  into  the  liquid. 

dlowed  to  remain  at  the  ordinary  temperature  for  afaoi 

•  sscn  tin  1— after  which  time  the  content"*  of  the  retort  are  healed 

itiououaly  into  the  retort,  and  tho  boittng 

.*.  colour  of  ferri'-    I 
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ooUnff,  water  b  added  (thii  nny  1-.  rhromntiO, 

unoxidiied  iron  U  determined  bv  menus  ef  pcrmo nganatc. 

Kdi-r  also  describes  a  slight  modification  <>f  : 
*»f  the  use  "f  :i  think  in  place  "f  the  retort,  and  <>f 
■ulphflta  in  place  of  iron  wire.     Although  tin-  titration  wil 

nate  is  more  trustworthy  when  sulphuric  acid  :■ 
Uiuij  when  hydrocbloi  ic  ;i«-i.l  ia  uacd,  he  neverl  < 

ferrous  chloride  ia  generally  t  led  in  pre! 

to  that  ol  ferrous  sulphate,     When  the  cltlorid*  yed,  no 

special  concentration  oj  3ary  ;  the  nit: 

readily  expelled  from  the  liquid,  and  tli 
shorter  tuna 

The  final  point  in  the  titration  with  pemianganate,  vrh* 
sulphate  is  employed,  ia  rendered  moreens?  *>f  d  taon  bg 

adding  a  little  notaasu  sulphate  t"  the  liquidL 

(/<)      Direct   titration   of  the   resulting-  Ferric   salt  by   Stannous 

chloride. — FreBcnius  has  adopted  the  a 
titrating  tin-  ferric  Bait  with  vary  good  results, 
The  following  plan  «>f  procedure  in  recommended  l>v  th< 

authority. 

A  solution  of  ferrous  milphate  is  prepared   I 
crystals  in  600 CO.  "f  hydrochloric  acid  of  ipec.  gnv.  l'lo  ;  when 
auulvsi\  the  smull  proportion  of  ferric  oxide  invurialilv  present  in  it  u  found 
bv  titrating  with  stannous  chloride,  as  in  §  C0.1.    The  nitrate  be 
or  measured,  b  brought  together  with  50  ox.  (more  or  \>- 
quantity  ef  nitrate]  of  the  Iron  solution  into  u  louj^necked  Mask.  U 
the  cork  of  which  two  glass  tubes  are  passed,  one  connected  with 
apparatus,  mid  reaching  to  the  middle  of  toe  flask,  the  other  simply  a- 
for  the  passive  of  the  gas.     When  the  gas  has  driven  out  all  the  air.  the 
ia  :it  first  gently  heated,  and  eventually  boiled,  to  dispel  nil  the  nit  r , 
The  C(  >■  babe  i-  then  rinsed  into  the  flask,  and  the  liquid,  while  'til!  beiUl 
DOlj  I  itrated  for  ferric  chloride,  as  in  §  00.1, 

The  liquid   must,  however,  1«-  suffered   t<.  cool   ricfori 
with  iodine  for  the  excess  of  stannous  cldoi  de,     \\  b 

I  ream  of  ( .'< >-  should  still  be.  continued.     The  oi  [ton 

changed  into  peroxide,  multiplied  by  the  factor  0*375,  will  give  the 

amount  of  nitric  odd. 

Example:     (1)     A  solution  of  stannous  chloride  was  used  for  til 
10  ex.  "i    solution  of  pure  ferric  chloride  containing  0*215075  ■/■ 
25*65  c.c.  of  tin  solution  were  required,  therefore  that  quantity  was  equal  U> 
0'0807  Kin-  of  HNOa,  or  0*069183  TO.  of  ' 

(2)  5o  e.c.  of  acid  ferrous  sulphate  were  titrated  with  tin  Boh'ti 
<>xide, and  0*24  an.  waa  raqovetl 

(3)  1  c.e.  tin  solution— 3*3  c.c.  iodine  solution* 

(4)  0*2177  Km.  of  pure  nilre  was  boiled,  as  described,  i  of  the 
acid  fermus  sulph.t                   :red4503  c.c.  tin  solution,  and  4") 

47  c.e.  iodine  solutuui  =1*42  c.e.  SuCt2 

The  peroxide  in  the  protosulplute  solution=0*2t 
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inn. 

find 


4SHJB— n;6=43'a7,  therefore   25*6)  xf-=0*llffii    N-t>- 

instead  of  0'  U6S,  or  5369  per  cent,  instead  of  53  41.    A  mean  of  this,  with 
three  other  estamstii  variable  pr  ol  tin  mid  iron  solutions, 

K»vc  exactly  58*41  per  eeut.     The  process  is  therefore  entirely  satisfactory  in 
the  case  of  pun.1  materials. 

Tin  jhtly  modified  by  Eder.     AU<  mt  10gm. 

riphate  arc  dissolved  in  a  flank,  in  about  50c.c. 

of  bydrochloric  sod  (s|>.  gr.  1*07)  in  a  stream  of  CO".     Tin-  IuIm- 

through  which  i;i       '  I    enters  is  drawn  t->  ;i  point  ;  an  exit-tube, 

ewhat  trnrnpet-ahAped,  bo  admit  <>f  any  liquid  that  may  spirt 

Ling  n-k  into  tin-  Musk  »wnwanls  into  water. 

After  solution  of  the  doul  the  nitrate  is  dropped  in  with 

the  pr  dy  detailed,  and  tin*  liquid  i*  boiled  until  the 

niinc  oxide  is  all  expelled     The  hot  liquid  is  diluted  with  twice 

:i    rohuna   of   water,   excess  of   standard  fltannnuN   chloride 

solution  is  run  in,  the  whole  is  allowed  to  cool  in  a  stream  of  CO1, 

tin-  excess  <»f  tin  is  determined  by  means  of  stundiinl  iodine. 

('■)      Holland's     Modification     of     the 
Pelouzf*    process. — Tin*     ariMit^nneiit     of 

tis  shown  in  fig.  3s  obviates  the 
ana  of  an  atmosphere  af  H  or  Q(  >J.  a  Ib  b 
long-necked  assay  flask  drawn  off  at  B,  so 
aa  to  form  a  shoulder,  orer  which  is  ]iassed 
:i  place  «tf  stout  pun-  india-rublM-r  tube, 
Dj  about  6  centimeters  long,  the  nthei  end 
terminating  in  n  da  .  drawn  off 

so  as   bo   leave   only  a  small  orifice.      On 
ih«-  elastic  oonnectar  u  is  placed  a  screw 
ilaiiiji.     At  o,  a  distance  <»f  3  centim 
Ha,  3k.  from   the   slmuldcr,   is  cemented   with   a 

blow-pipe  a  piece  of   glass  tube   about  '2 
ntunetem  long,  surmounted  by  one  <>f  stout  elastic  tube  rather 
hi  twice  that  length.     The  elastic  tubes  must  be  securely 
ttached  to  the  glass  by  binding  with  wire.     After  binding,  it  is  as 
•11  t'i  turn  the  end  "f  the  oonductor  back  and  smear  the  inner 
I  caoutchouc,  and  then  replace  it  t<<  render  Hie 
nt  air-tight. 

Tkr  Anahf*.* :  A  small  runnel  la  Inserted  into  the  elastic  tube  at  c,  the 
r  the  time  open;  titer  the  introduction  of  the  solution, 
•y  ■  little  water  which  wsshea  all   into  the   flask,  the    fanm 
tlie  flask  supported  by  means  of  the  wooden  clamp,  fan 
position  it  occupii        i  the  figure.     The  content*  arc  now  mode  to 
xpcl  all  air  and  reduce  the  \olume  of  the  fluid  to  about  4  or 
When  this  point  is  reached  a  piece  of  glass  rod  is  inserted  into  the 
tube  at  c,  which  causes  the  water  vapour  to  escape  through  P. 
Into  the  small  beaker  is  pat  about  50  c.c.  of  a  previously  boiled 

.chloric  arid   (the  amount  of  iron  already  exi 
penult  must  be  known). 

U  continued  for  a  oioinent  to  ensure  perfect  expulsion  of 
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air  from  r.  th 

comprMMd  with  the  flnrt  finger  and  thumb  of  the  left  band.    A-  the  flunk 
i       b  whitian  "f  iron  i*  drawn  into  it ;  when  thfl  whole  has  nearly  receded 
i  rcsMxl  with  tin*  fingers,  whilst  th< 
boaksr  are  waehed  with  a  jet  of  boiled  water,  which  is  alw  allow-.)  to  pus 
into  the  fla.«k.     The  washing  >  can  not  to  dihH 

r      AVhiUt    | 
connector  pri\ioii-!v  mniprof'scd  witl  n  i*  now  securely  oloaod  with 

raw  nf  which  i*  worked  with  the  right  hand.     Provided 
the  clamp  isagood  oik.  r  will  remain  full  of  wa  tor  during  tL 
Lion  of  the  flask. 
After  heating  In  I  ■  i  b  at  100°  for  half  an  hour,  the  fla«k  is  leuxjTud 

from  the  water  bath  ami  heated  with  a  smiill  name,  the  ti, 

the  name  time  resting  on   the  sti  al    tin-   point    near 

■boulder;  N  soon  at  the  tube  is  felt  toe  emun  from 

within,  the  lamp  tfl  removed  and  the  KSrOW  ''lamp  released.  -  main- 

taining a  secure  hold  of  the  tube,  the  gee-flame  if*  again  raataei 
tin-  preaBare  on  thfl  tube  is  again  felt,  this  lath 
admitting  of  the  escape  of  the  nitric  oxide  tbroui* 
below  the  surface  of  water  in  the  beaker  whilst  these  tuan:; 
performed.     The  content*}  of  the  flask  are  now  boiled    unti 
[teUed,  and  the  solution  of  iron  Minus  only  tl 
the  perchloride.      At  the  completion  of   the  operation  the  bcukcr 
removed,  and  then  the  lamp. 

It  no*  1'iilv  rem  i  rfer  the  ferric  solution  to  n  suitable  veaeeX  and 

;   chloride  u 

A  menu  uf  six  experiments  forth 

in  pure  nil  1*63  id  oi   ft!H I       The 

.     i  ajBj   of  exi  T1m» 

point  chiefly  requiring  nttention   is  that  the  uld   \m 

air-tight,  which   its  secured   by  the 
clamp, 


5.    Schlbsiag's    Method    (available    In   the    presence    of   Orrmnic 

Mutter). 

The  solution  of  nitrate  is  boiled  in  .>  flask  till  nil  air  is  ex] 
then  an  acid  solution  of  ferroufl  chloride  drawn  in,  the   mixture 
boiled,  ;m<l  the  nitric  oxide  gas    ■  Uectcd  ury  in  a  i 

filled   with   mercury  uud   milk  of  lime  ;  the   l  ! I    i 

without  loss,  in  contact  with  oxygen  and  waf  ivert  it 

■  Into  nitric  acid,  then  titrated  with  &  alkali  w  obu&L 

This  method   was  devised   by  Schlosing  for  thi  on  of 

nitric  add  in  tobacco,  ami  is  e«] 

:  ■■  of  organic  matter  would  interfei 
the  direct  titration  of  the  iron  solution.     \Y 
nitric  ;i«-i<!   is  not  below  0*15  giu.  the  pro< 
needs  a  -j.irial   and   rather  (.'(implicated   nrriiiigi  rnenl   of  npp 
the  description   of  which  may  bo  found  in   the  i 

■  ?tim.  [3]  xL  t70,  or  in  FreBonius'  Quant. 
edition. 

An  arrangement  of  apparatus,  dispensing  with  the  use  of  m>  i 
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has  been  designed   t>v  Wildt  and   Scheibo  (/..  a  C,  xxiii  151), 
which  remilta  s  ttli   not 

With  anioUei   quantities  thi 
in-  apparatus  used, 


1      .  3*>. 

■  K rli- ii in i  \ ei  k  iinsk  of  -.'.'in  c.c.  capacity,  oootaininfl 
'a  tit  In-  analyzed,  I;  is  a  rouxul-bottoined  flask  oi 
•  ■  apocity,  liali  filled  with  i  lustic  .;  1 1  i  trb  nop 

liirh  might  be  carried  over  from  A.    r  is  mi  E£r]enia< 

pacity,  containing  ^  little  wot 
itiil.     ]»   is  n  tube,  containing  water  to  collect  any  nitric 
■  -■1*1  n.  ■]  by  th«'  water  in  <'.     The  tuV  >f  in  bent,  sa  shown 

i.iiu,  and  -lruwii  mn  to  ;t  ]»iinTT  t<-  diminish  the 
tin-  bubbles.     Tin-  tube  e  i-   wide,  and  cut   obliquely  to  prevent 
ting  and  passing  ii 

7%r    Ana/yMit:    The   clip   B  encd,   and    the   tabs   - 

ducoonoctotl    from/.     The   solutions    in    A    and    B    ar  oiled  for 

ixygen.      Tho  tubes  *  and  /  are  again  con- 

wvted,  the  olip  c  i-  clewed,    Che   llame  under    B  increii-  ■  nt    the 

rmni  being  drawn  backhand  the  clip  £  b  opened.    A»  twin  %,< 

steun  baues  front  tit-'   tube  «,  it    u  dipped  into  n  Mtainlng 

■lilnridf  prepared   according  to  5cbl< 

oved,  when  : 

id  thumb,  mj  u.-  to  prevent  the  entry 
.■  rl.udc.     The  conical  ve^ol   is  ringed   two  nr  three  times  with 
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water,  and  this  is  allowed  to  enter  tbo  flask,  and  the  clip  A  is  then  eloped, 
und  the  vent)  A  healed.  The  liquid  in  A  turns  brmwi  in  a  short  liiue,  oral 
oisric  oxide  devolved.  Tbe  clip  e  is  opened  stightlj  from  time 
until  me  pressure  is  high  auougtit  when  it  is  opened  entirely.  The  flame* 
BUM)  be  regulated  1*0  that  a  stow  current  of  (ra«  bubble*  through  the  water  In 
C.  The  hydrochloric  acid  i*  removed  by  the  caustic  floda  in  B,  and  the 
nitric  oxide  mi  oouuag  b  rith  the  air  in  C  i*-  oxidi  be  nitric 

iold  ihaorbed  bythewssar,  In  esse  (he  eurrenl  of  go*  is  too  rapid,  tbe 
emmim.'  nitric  arid  in  absorbed  in  D.  After  an  hour  the  tubes  e  and/ an- 
diwoniu-  ted,  while  the  SolnU'oiHi  in  A  and  B  are  ."till  boiling,  aud  the  nitric 
■old  HI  titrated  with  dilute  cattstio  soda  (about  i  normal ).  Tlie  vessel  C 
mu-t  be  well  QOolftd  during  the  whole  experiment,  which  occupies  about  an 
hour  and  u  lull". 

Good  results  wen-  obtained  with  nitrates  of  potash 
both,  alone  end  mixed  with  ammonium  sulphate,  aupeipfooap&Mie, 
ami  amido  compounds.     With  superphosphate  tl- 

ide    Lij      t       !  edine,  t"  pro^  ent  the  liberation  of  o 
Waxington  {>?.  C  -s'.  1880,  468)  has  made  a  series  of  i 
meata  ou  the  original   Schlbsing  process,    for  the    pur] 
icy,  wli'-n  small  quantities  <<f  nitric  sod  bam 
determined  in  the  pi 

•ils,  the  si[>  of  bed  root,  <'t<\  ;  but  instc 
nitric  oxide   back   into  nitric  mill  us   in  the  original  im-tl: 
collected  tl  oda  as    recommended   by 

Reich ardl  a    mercury,   and   ascertained    its   amount  by 

■  in. -nt  in  Frank lond'a  The  raaulte obtained 

liy  Waring  ton  plainly  showed  that  even  on  the  moat  favourable 
ctrcumstanci  i  the  method  as  isuallj  worked  in  i  rennany,  either  bj 
the  aJkalimctric  titration  or  bj  measuremeut  of  the  gas,  invariably 
gave  results  much  too  low,  especially  if  ill  "f  nitrate 

<1  "ii  was  small,  say  r>  or  G  centigrams  of  nitre;  mo 
whan  sugar  or  Bimilar  organic  substance  was  present  the  resulting 
gau  was  very  impure,  and  the  distillates  were  highly  cob 
the    presence  <>f    some  volatile   products.     Tlie    nitric  oxidi 
suffered  considerable  diminution  «>f  volume,  when  Loft  foe  -my  time 
in  contact  with   tbe  distil  iollywb.cn  over  caustic  sodi 

This  being  the  case,  the  following  modification   01 
mended  by  Schlosing  was  adopted,  in  which  CO*  "-!J  em 
botii  t"  assist  in  expelling  the  air  from  the  apparatus,  and  t 
out  the  nitric  oxidfl  produced* 

The    form  of   appamtu  rwn  in 

fig.  40.     The  vessel  in  which  the  reaction  takes  plaoi 
tubulated   receiver,  the  tubuluru  of  which   has  been   Iwut  u< 
extremj      to   '  lake  n  convenient  junction  with  the  delivery  tuba, 
which  dips  into  a  trough  uf  mercury  on  the  left.     The  i 
tube  at;. i.  hod  to  the    w  !        led  by 

of  liquid.     T  i  srigl 

ami  is  connected  by  a  caoutchouc  tube  and  i  lamp  witli  an  opp 

id. 
In  using   this  apparatus  the   supply  tube   is    tirwt    filled  witli 
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id,  ami  CO  <1  through  the  appartUtt  till  :i  portion 

ollected  in  a  jar  over  mercury  is  Found  t«<  be 

irbod  bj  potash.     Tin*  current  of  gn*  [>  then  ■topped 

clamp  to  tin  right    A  chloride  of  oalehrm  both  at 

"is  next  brought  under  the  receiver,  which  is  imaiaiwad  on 

more  in  the  hot   rtuM  ;  the  tempentan  of  the  hmh  i> 

tied  throughout  the  operation  by  a  gas-burner  placed  beneath 

By  allowing  a  few  drops  of  HC1  to  anb  t  the  hoi  receiver,  the 

bnott  entirely  expelled.     A  j;ir   tilled  with 


Fitf.  40. 

<  tin-  end  of  the  delivery  tnbe,  -mil  all 

for  iln'  commencement  "f  .t  determination. 

h-  nitrate,  which  should  be  in  the  form  oi  a  dry  residue  in  i 

II  beaker  i      ■    ■   .  m  dissolved  in  about  'J  cu*  of  strong  ferrous 

[utiun,  1  <■..'    of  strong   IlL'l  in  added,  and  the  whole  is 

into  the  n  brough  the  supply  tube,  being 

ilkrwed  bj  with  JU'I,  each rinsing not exceed- 

imlk  of  liquid 
Me.     Tin-  contents  «<f  tli  in  n  few   minutes 

to   dryness;  a  little  CO*   is  admitted   before  dryness  is 

_  Ihe  f«m>u»  cbloritU  to  ootiUin  2  gin.  of  Iron  i>«r  10  e.c,  then  1  c.o.  of 
will  be  neurlj  equivalent  to  012  gm.  of  nitre,  or  OfilM  gm.  of  nitrogen. 
t»lo  excess  or  Iron  should,  howeTor,  always  be  ublhI. 
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If  tin-  pis  will  not  '"'     i  till  next  tin; 

to  use  mon   I  the  nitricoxide  diluted  with 

iperation  i-  -  otu  luded 
tdy  for  another  charge. 
This  mode  "f  working  presents  the  follow]  — 

The  volume  "f  liquid  u  I 
rlhnini 
contributed  from  thi 

(2)     By  evaporation  to  dryne  intra 

ana  ferrous  chloride,  and  .1  perfect  expulsion  «>f  the 

Li  d. 

(S)    Tli«'  nitric  oxide  in  the  collecting  jar  is  left  :  with 

n   in     1        taller  ol 

•tinii  is  greatly  diminished  by  its  dilution  with  I  1 
Tin*   results  obtained   with  this  apparatus 
BmaU  quantities  of  nil;-  nth  vai  1 

ml  organic  Buhsl 
Iced  improvement  upon  tin-  method 
A    further   improvement    has    Itcen    made  in    1 
Warington   (J.    ('.    &    1882,  345),  and    -  as 

f*L>lI<i\VH  : — 

The  nppamius  now  employed  is  quite  rimilar  to  that  shown  in  ft<z.  '■ 
the  only  difference  that  the  bulb  retort  in  which  the  re 
now  only  t'l  inch    in   diameter,    thus  more  exactly  re*oinl' 
employed  by  Sohl0sing<    A  bulb  of  this  si  u»r  the  analysis 

of  sou  extracts ;  for  determinations  of  nitrates  in 
bulb  is  required. 
The  chief  improvement  consists  in  the  use  or  CO*  '■*  Tree  as  pi 
en.    The  generator  is  formed  of  two  vessels.     The  lower 
a  boltl"  with  a  tubulure  in  the  side  near  the  bottom  ;  tlii-  bottle  is  supported 
1   inverted  position,  aud  eo  pu  is 

generated.  The  upper  ve**el  <-onsiKt«  of  u  similar  bottle  sts 
thi*  contains  the  HC1  required  to  acton  the  marble.  The 
ooani  passing  from  ibu  pbbbjI 

tn  the  inverted  month  of  the  lower  v  rom  the  upi*r  ve*seJ 

1  Luis  enters  below  the  marble,     CO-  is  ^merited  ai 

tin    :t  rtop-ooek  attached  to  the  side  tubulure  of  tin 
allowing  II  CI  to  descend  and  come  in  contact  with  the  marble.      ' 
of  marble  used  have  been  previously  boiled   in  water.    The  boiln 
ted  LnastronK  flask.    After  boiling:  has  proceeded  some  thro 
I  er  ii  Dxed  in  the  neck  of  the  flask,  and  the  Qmnc  rcmo\-  -  will 

then  continue  for  some  time  in  a  partial  vacuum.     The  loi 
nearly  Ailed  with  the  boiled  marhlo  thus  prepared.     The  HO  ha* 
well  boiled, aud  before  it  is  introduced  into  the  upj  >lved 

in  it  a  moderate  quantity  of  cuprous  cblorid  i  hn*  been 

!  in  the  111  per  reservoir  it  \t  eovered  by  a  layer  of  oil.     Tht   tpjaraiua 
thus  charged  is  at  once  set  in  active  work  by  opening  LI 
rvoir  ;   the  acid  descend1*,  enb 
CO:  produced  drives  out  the  air  which  is  necessarily  prcsenl  H  Btarl 
the  acid  reservoir  i^  kept   on  a  hi  I    (han   the  m 

under  internal  pressure,  and  leakage  of  ail 
cannot  occur. 
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19m   presence  of  the  cuprous  chloride  in  the  turdroflblorlc  =  l* *i *1  Dot  only 
tin.-  removal  of  dissolved  oxygen,  but  affords  an  indication  to  the  eyo 
i-  condition.     So  loug  as  the  acid  ra&ainsoi  an 
will  be  aba  ibflold  she.  acid  become  Df  a  clear 

u  no  longer  certainly  free  from  oxygen,  and  more  cuprous 
must  l>e  added. 
fur  uiprovemeut  adopted  consists  in  the  BM  oF  freshly- hoi  led 

-.  which  are  !    La  as  small  a  quantity  as  possible.     ¥ 

veil  to  add  a  few  drops  <>r  hnroui  chloride, 
in  order  man  .  to  remove  any  dissolved  oxygen. 

The  mode  of  operatiou  is  as  follows :—  The  apparatus  El  fitted  togeth 

long    funnel    tub.  id   to    the   bulb   retort   bcini;    filled  with  water. 

Lioo  is  made  with  the  grhus  itop-oooJc  "i1  the  CO1  generator  by  moans 

or  a  short  stout  caoutchouc,   tube,  provided  with  i   pinch-cock.    Tin*  pinch- 

cock  botii^'  opened,  the  stop-cock  Is  lunied  till  a  modorate  stream  of  bubbles 

[•■ri  up,  trough;  t lie*  ■top-cook  is  left  in  thw position, wri  the. 

<>n  of   pas  is  afti  .trolled  by  the  pinch-cock,  pressure  on 

which  all<»w-  i  few  hubbies  to  pass  at  a  time.     Tho  heated  chloride  of  calcium 

Lth    i"    naxl    raised,  so   that    tho   bulb   retort    tl   ibziost   submerged ;  the 

unperature.  shown  by  a  luminniiieiajr  whhiti  forau  part  uf  the  apparatus, 

iouM  he  180—140".    By  boflrng  smalt  quantities  of  water  or  hydrochloric 

•id  in  the  bulb  retort  ma  stream  of  CO3  the  Bui  is  expelled:  (he 

ipply  of  gai  mug)  I   before  the  boiling  has  ceased,  so  as  to  leave 

tile  in  the  retort.     Previous  to  very  delicate  es.j>e.riinuuts  it  is  advisable  to 

•  through  the  funnel  ttibeasmall  quantity  of  nitre,  ferrous  chloride. 

id  hydrochloric  acid,  rinsing  tIil-  tube  with  the  latter  naagent ;  any  trace  of 

n  the  apparatus  i-  then  Hronrntd  by  the  nitric  oxide 

and  after  boiling  to  dryness,  and  driving  on1  the  nitric  oxide  with 

>'-,  the  apparatus  is  in  a  pexfi  >n  fur  a  quantitative  experiment, 

extracts  may  be  used  without  other  preparation  than  concentration, 

'ogetuble  juices,  which  coagulate  when  heated,   require  to  be  boiled  and 

1  tared,  or  else  evaporated  to  a  thin  syrup,  treated  with  alcohol  aud  filtered. 

clear  solution  being  thus  obtained,  it  is  concentrated  over  a  water-bath  to 

i  a  beaker  of  si  A-  aoon  aw  cool,  it  is  mixed 

of  a  cold  saturated  solution  uf  forroux  cMoride  mJ   I  CO.  HC1, 

I  een  boiled  and  cooled  immediately  before  use.    In 

with  the  reagent!  tare  must  be  tokeu  that  bubbles  of  air  are  not 

I ,  thin  is  especially  opt  to  occur  with  viscid  extract*.    The  quantity 

■  ride  mentioned  is  amply  suffich  Dl   for  most  soil  oxtneta,  but 

to    use  2   c.c.    in   the  iirst    experiment  of  a  writ - 

k>rable  excess  of  ferrous  chloride  in  the  retort   i>  thus 

ircd.     With  bulky  vegetable  extracts  more  ferrous  chloride  should  bo 

.rup  from  20  gm.  of  mangel  rap  should  be  added  5  c.c. 

blonde,  and  J  c.c.  of  hydrochloric  acid. 

The  mixture  of  the  extract  with  ferrous  ohlorideand  HGI  is  introduced 

thfl  funnel  tube,  aud  rinsed  iu  with  three  or  four  successive  £  c.c. 

ilci     The  contents  of  the  retorl  are  then  boiled  to  dryness,  a  little  CO^ 

iug  fnitn  time  to  time  admitted,  and  a  more  con- 1  durable  quantity  used  at 

i  tide,    The  most  convenient  sem- 
is 14o',  but  in  the  case  of  vegetable  extracts  it  is  well  to  commence 
re  is  some  risk  of  the  contents  of  the  retort  frothing  over. 
j:ir  over  mercury       A  •  <  ration 

ipleted,   the   jar   i  by   another  full  of   mercury,  and    the 

struct.    A  series  ol  five  determiuati 
h  :dl  the  aocompt  -  analyses,  may  be  readily  performed  in  one 

ly.     The  bulb  retorl  bee  srith  charcoal  when  extractl  rich  in 

ubject  ol  -o..!;  sis  ;  it  is  best  cleaned  first  with  water, 
tig  oil  uf  vitriol  iu  it. 
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■irv.   contrary    to   the   Matonicnt  in    most   text   hook*.   I 
attacked  by  hydrochloric  acid   in  ace  of  air; 

trough  i-  Ihni  apt  to  become  covered  with  u  grey  chloride,  i 
necessary  to  keep  the  aton  of  mercury  in  contact  with  sulphuric  acid 
■<■  it,*  mobile  condition. 
The  jcas  analysis  i«  of   a  rimplfi  character;   tbe  pis  is  measured  after 
absorption  of  the  CO- by  potash,  and  again  after  absorption  of  tb 
oxide,  the  difference  giving  the  amount  <>f  thisgae.    For  the  abaor- 
nitric  tjvi.Ii>,  a  saturated  notation  of  ferrous  chloride  was  far  boom  time  em- 
ployed.    ThU  method   is  not.  however,  perfectly  -.    vino  tl 
highest  aoounoy  is  required,  the  nitric  d               ig  generally 
estimated,  except  the  process  of  absorption  is  repotted  with  a  fresh 
of  rerroui  chloride.    The  error  is  greater  in  proportion  to  thi 
unabaorbod  pi-  prevent    Thug,  with  a  mixture  of  nitrogen  and  uitri 
containing  little  of  the  former,  absorption  of  the  nitrhi  aside  by  *n  ocean  to 
treatment  with  oxygon  and  pyrogaltol  over  potash  abowed  97*8  i**'  i 
<xido;  while  the  name  ^w,  analyzed  by  a  single  absorption  with 
chloride  (after  potash),  showed  97*5  per  cent,  of  nitrio  oxide.    With  a  mixture 
containing  more  uitrogen,  the  oxygeu  method  showed  C5'9  per  rent  of  mtrio 
oxide;  while  one  absorption  with  ferrous  chloride  gave  642  per  cent.,  ami 
a  second  absorption,  in  which  the  ferrouj*  chloride  was  plainly  discoloured. 
(KJ'2  per  rent.     The  use  of  ferrous  rhloride  as  an  absorbent,  for  nitric  oxide 
has  now  been  given  up,  and  the  oxygen  method  substituted.     All  the 
moaguremeuU  of  the  gas  are  now   made  without  vhifi iult  the   laboratory 
d  ;  the  conditions  are  kfaui  EaTOUrafal*  to  extreme  accuracy. 


Tin-  chief  source  of  error  attending  tbe  oxygen  process  lie*  in  the 
wuftll quantity  -<f  carbonic  oxide  produced  during  tin 
pyrogailol;  this  error  becomes  negligible  if  tin-  oxygen  is 
email  r\t\-^.     The  difficulty  of  using  the  oxygen  w 
quantity  ma;  loved  by  the  use  "f  Bischol 

tube.  This  may  be  made  of  a  test-tube,  having  :i  email  u*rfl 
half  an  inch  from  the  mouth.  The  tube  is  f tartly  rilled  with 
oxygen  over  mercury,  and  its  mouth  i*  then  doted  by  ■  hnely- 
perJorated  stopper,  made  from  n  piece  of  wide  tube,  and  fitted  tightly 
into  the  test-tube  by  means  of  o  covering  of  caoutchouc,  When 
this  tulie  is  inclined,  tbe  side  perforation  being  downward*,  the 
oxygen  is  discharged  in  small  bubbles  from  tbe  perioral 
while  mercury  enters  through  the  side  o]>ening.  Using  this  tuU', 
the   supply   of   oxygen    is   perfectly   under   control,   mid 

<>oii  its  a  fresh  bubble  ceases  t<>  produce  i  ted  tab 
the  laboratory  vessel     Tin-  ni;i      mail    \\itli  this  appuatu 
been  very  satisfactory.     If  nitrites  are  to  be  e*tinmu>tl  by  this 
method,  it  is  neoeesary  first  t^  convert  them  into  nitrates,  with 
excess  of  hydrogen  peroxide,  which  in  entirely  <! 
[Uent  svaporation  t->  «U\  n 


Technical  method  for  Alkaline  Nitrates  and  Nitrated  Manure*. 

Wagner  imple  nrrangemenl  i  its,  which 

fairly  g  nnits  of  rapid  working. 

A  200  c.c.  flask  is  fitted  witl  >ppei      '  >w  hole  mrrics 

an  ordinary  gas  delivery  tube,  und  the  other  a  thistle  funnel,  h 
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bc\r.y  the  funnel.    The  end  of  this  tube  is  uarrowed,  and  does  not  tjuite 
pud  in  the  flask. 

A  solution  of  200  gm.  of  iron  wire  in  hydroehloric  acid  is  made  and 

I  tinted  to  1  liter.    40  c.e.  of  this  solution  in  placed  in  the  flask,  and  the  air 

I  by  boiling,    10  c.e.  of  ■  standard  flotation  of  iodic  nitrni 

33  %w.  per  liter,  are  theu  placed  in  the  funnel, and  allowed  gradually 

drop  into  the  boiling  solution  of  iron.    A  gas  tube  ^nuluated  to  LM 

led  with  boiled  and  cooled  distilled  witter,  and  the  mtrifl  oxide  ooueeted  in 

ana]  way.     When  the  nitre  solution  is  neurlv  :ill  (hopped  in,  the  funnel 

filled   with  20  per  rent.  HC1,  and  run   down:  thin  la  repeated,  the  liquid 

kept  gently  boilinp.     10  c.e.  of  the  solution  to  be  tested  are  now 

ito  the  funMi'l,  taking  can-  that  not  more  than  LOO  0.0. of  pis  will  result. 

collected  a«  before  in  a  Freab  tabs  pn  eiserj  as  In  the  oass  of  the 

In  this  manner  five  or  six  estimations  can  be  made  with  the 

same  ferrou"  solution.     Finally  a  fresh  test  is  ntnde  with  ^audard 

solution;  the  readings  of  the  tubes  are  taken,  and  u  they  will  all  be  of 

temperature  and  pressnre  uo  correction  is  necessary,  all  being  allowed 

lie  uino  point. 

dation  Js  easy,  Suppose  that  the  pun  Ditto  gave  90r.r. 
gas,  this  volume  =  033  gm,  «,f  NaNO8,  or  1  c.e.  =  000366 
=  0*000604  Kin.  N. 


6.     Estimation   by   Standard   Indigo   Solution. 

This  i  a  great  deal  of  attention  an  a  ready 

mtone  for  estimating  the  nitrogen  existing  as  nil 
•I  nitrites  in  waters,  etc.,  l»ut  it  is  Biibjeet  to  great  faegolarity 
less  conducted  with  special  precautions.  The  principle  of  the 
tthod  is  that  of  Liberating  free  nitric  end  nitrous  acids  from  their 
itiona  by  the  aid  of  strung  sulphuric  acid,  und  ro^Mwring 
<*  quantity  ed  by  the  decoloration  0!  a  solution  of  indigo, 

general  rule,  in  the  ease  <>f  waters,  no  amount  «>f  inter- 
is  producer]   by  thi  i  ■>•  of   chlorides,  sulphates,  or 
aline  and  earthy  matters  usually  found. 

•  third  edition  of  this  book,  the  process,  as  prflrtiftod  by 

if,  was  given  ;  but  ednce  that  time  Waxing  ton 

naively  experimented  on  the  method  with  great  diecrinuiuv 

1,  and  found  nit  it.s  weak  points,  the  result  being  that  whan  the 

thod  1-  carried  out  in  thy  way  adopted  by  him  in  the  case  of 

waters,  drainage  waters,  soil  extracts,  etc.,  in  the  absence 

much  organic  matter,   very   concordant   results  an-   obtained, 

_-   very  slightly   from   other   established    methods.      These 

contributions  by  Woi  re  given   in   two  papers 

l">,  and  ■/.  C.  8»  1879,  578),  am!  may  be  summarised 

follows : — 

Standard  Potaaaic  Nitrate. —  l'Oll     gm.    of    the    pUW    salt    in    1 

•r.     This  is  in  reality  a  fj0  aol  aitre. 

"Weak  Standard  Nitre.      '  Me-  part     i   1 1 1 -  lutiou  to  three 
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\  ><■  Jcor  solution*  <>f  uitTe  are  h 

bung  the  indigo,  which  arc  ra 

liiution  with  dUtibVd  wa 

Strong  Standard  Solution  of  Indiffo. — This 

pure  sublimed  ni.  of   whicli, 

10  gm,  "f  fuming  sulphuric  acid  f->r  some,  how 

ind   filtered,  will   give  »  solution  of   nppi  i 
When  actually  adjust  utuv  i  in 

solution,    I   per  cent,  by  volume  of   oil  of    vitriol,  ur 

M  b utained    in   it ;  this  p 

keepi 

Weak  Standard  Indigo.      This    is     made 

ulution  I'-  Kporimcnt, 

an,  and  should  also  contain  I  poi  cant  "f  its  volume  <  I   ! 

In  making  these  solutions  *>f  indigo  tin 
has    often  1    (sodic    Hul|»hindvlate),    but    \\i\ 

generally  gives  more  red  colour  when  oxidized  by 
pure  indigotiu ;  nevertheless,  there,  am  sunn:  sjiecuut'iis  <»f 
i  amine  which  an*  quite  available  for  the  put] 

A  burette  divided  Into  {\t  c.c.  should  !»•  used  foi 
owing  t"  :1m-  deep  colour  of  the  solution  tin*  n 
This  i  nisiderably  lessened  by  rubbing  wit 

white  Lead  or  chalk,  mixed  with  oil  <»r  varnish,  over  U ul 

tlii-  burette,  then  wiping  the  outside  of  thi  rient  cleal 

to  leave  the  graduations  and  figures  tilled  with  white,     In  tl 

Ins  an  Krdmann's  Boat,  if  the  ring  is  deeply  cut)  and  \\\W. 
with   whit'  u  itious  of    the   bur 

remarkably  sharp  reading  may  )»•  obtuined  in  the  unse  of  iill 
!  lured  liquids. 

In  water  analysis  it  is  moel  convenient  to  work  with  30 
the  water:    when  this  is  dom    it  is 
indigo  with  20  cc  of  tie  [,  ,'„,   ./,,,  and  ,', 
hi  cc.  "f   water  are   to   be   employed,  the   indigo  must,   1. 
standardized  with  10  cc  of   the  \  and  £  nitre  solutions.     It  i- 
most  useful  t"  standardize  l>oth  for  10  cc.  and  20  cc.  of  w 
waters  of  s  greater  range  of  strength  can  then  1>< 
dilution.      It   is  mm  with   lo 

weaker  nitre  solutions;  if  the  amount  of  nitrate  in  .■ 

i  than  that  in  the  J  nitre  solution,  20  cc  "f  the  water  ui.e 
taken  for  analysis. 

A  large  supply  of  pure  --il  of  vitriol  w  ill  1m'  required  t 
water  analysis.      It  should   Ik1  colourless,  quite  free    fi 

Linda,  and  contain  as  little  . 
and  mi  I    nearly  full  gravity.     The  oil  of  vi 

fur  use  in  n  tolerably  widi  provided  w 

tube  with  foot,  innrked  ;it  each   2  c< 


NITKATrs. 


L'41 


rcrs  rei  of  vitriol  and  dispenses  with  the 

.  the  "il  of  vitriol  is  then  kept  in  .i  stoppered  bottle, 

rther  requi  i  calcium  bath,  provided  with 

IOmeter;  the  bath  i     onvenii  oily  made  ma  porcelain  beam. 

:■:.  («■  maintained  is  140°  C.     As  the  temperature 

□  ni  tin-  solution,  il  i  uy  to 

tiring  it  down  to  the  required  poini  by  the  addition  of  a  tittle 

\s  ,■  Lotion,  immediately  before  each  experiment. 

The  bath   is  not  require*!  1   when  solutions  of    nitrate   ore 

dyzed  by  I  olution  of  indigo,  the  reaction  in 

enw-  being  almost  immediate.  With  freak  solutions  of  indigo  and 
nit-  section  may  take  some  time,  in  extreme  coast  ai  much 

as  live  minutes,  ami  it  becomes  efliwutiol  for  accuracy  that  the 
temperature  should  be  maintained  throughout  at  the  Donna]  point 
Tin  go  solution  is  jierformed  as  follows: — 

10  o.c.  or  -  the  standard  nitre  solution  arc  placed  in  a  wide- 

moutbed  flask  of  about  150  e.c.  capacity,  u  much  indigo  solution  is  measured 
in  u  in  j  and  the  whulc  niixed.     Oil  of  vitriol  is  next  run 

i   the  burette  into  ■  test-tube,  in  quantity  exactly  equal  to  the  unite*! 
volume*  of  the  nitrate  solution  and  indigo.     Tin  [  the  test-tube  ure 

then  pound  as  suddenly  as  possible  into  the  solution  in  the  flask,  the  whole 

raj-i  and  the  flai-k  si  •  ■! transferred  to  the  chloride  ot  calcium 

bath,     r  oneordant  results  that  the  nil  of  vitriol  should  be 

uniformly  mixed  with  the  solution  as  quickly  a*  possible.  This  is  especially 
necessary  in  the  case  of  rtr  be.  in  widen  the  action  begins 

imrnnlifiti  tv  after  the  addition  of  the  sulphuric  acid;  with  such  solutions  it 
is  more  difficult  to  get  duplicate  experiments  to  agree  than  with  weaker 
solution?  in  which  the  notion  does  not  begin  at  once,  and  in  which  therefore 

«  afforded  for  mixing.  The  operator  should  not  attempt  to  drain  the 
-tube  ;  the  oil  of  vitriol  adhering  to  the  tube  is  a  fairly  constant  quantity, 
after  the  tir-t  experiment  the  tube  will  deliver  tbo  quantity  measured 
mi- 
ll is  well  to  have  the  flask  covered  by  a  watch-glass  while  holding  it  in 
bath.  The  progress  of  the  reaction  should  be  watched,  and  as  soon  as 
the  greater  part  of  the  indigo  has  been  oxidized,  (he  contents  of  the  flask 
should  be  gently  rotated  for  a  moment.  With  wry  weak  solutions  of  pure 
nitre  no  change  is  observed  for  some  time,  and  it  may  he  necessary  in  some 
eases  to  keep  the  flask  in  the  bath  for  Ave  minutes.  If  the  colour  of  the 
indigo  is  suddenly  discharged,  it  is  a  sign  that  the  nitric  acid  is  in  considerable 
excess,  and  that  a  considerably  larger  amount  of  indigo  must  be  taken  for  the 
next  experiment.  If  some  of  the  Indigo  remains  unoxidized,  a  little 
experience  will  enable  the  operator  to  judge  its  probable  amount,  and  bo 
the  quantity  of  indigo  suitable  for  the  next  experiment. 

lit  of    indigo  which  corresponds   to  the  solution  of  nitrate  is 

•  \ |h  rinit  nts  made  as  just  described  with 

quant  :  vitriol  used  bein  if  always  equal  in  volume 

[ted  Volumes  ■■!  thi  solution  and  indigo.     The  determination 

n  ;.  quantity  of  indigo  is  left  onoxidisod  not  exceeding  O'l  e.e. 

solution  used;  this  amount  can  be  readily  estimated  by  the 

It  i.«  well,  until  considerable  experience  has  been  gained,  to  oheok  the 

ing  a  furtli-  less  indigo,  when  the 

'.rely  discharged.     The  tint  produced  by  a  m 

ssen  by  filling  up  the  flask  with  water.    The  estimated 

adigo  U  of  course  deducted  from  the  reading  of  the  burette. 

It 
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To  i 
result  it  is  well  t"  proceed   with  some,  \»>U\\ 
soon  as  po-  I   uiU  between  whicl 

indigo  must  Call     Seven  tits  will  be  a  a 

led  ;  four  experiments  is  about  tli.  when 

the  history  of  the  waters  examined  is  already  known. 

When  tin1  indigo  solution  has  been  standardized  with  tin-  dories 
«'f  nitre  solutions  already 

iv  of  indigo  consumed  is  not  strictly  in  proportion  to  the 
nitric  acid   present,  but  diminishes  as  the  nitrate  solution  b« 
more  dilute.     In  round  numbers,  a  diminution  oi 
nitre  present  to  \  i-  D  oi    the  indigo 

oxidized  i^  pr;  or,  in  other  words,  if  20  r,c.  of  the 
solution  of  nitre  require  10  a  a  of  indi  '.  nibs 

solution  will  require  only  1  cc  of  indigo.     Tbii 

tantlardiziug  of  the 
of  grnd  brength,  so  that  the  value  of  the  indi 

known  for  all  parte  -»t  its  scale. 

In  consequence  it  becomes  necessary  t<>  form  a  table  of  the  value 
in  nitzogen  corresponding  to  each  part  of  the  iudi:_  ind  by 

the  help  of  this  table  every  an 

Intnl.     Below  is  given  an  ideal  table  of  this  description.     It  w 
assumed,  which  is  verj   near  the   t>  tu  diminution 

eighth  in  the  strength  of  the  nitrate  solution  is  aocompanied 
diminution  to  one-tenth  in    tlie  indigo  consumed.     It  is  fi 
assumed,  which  is  also  near  tin-  truth,  that   the  olteral 
relation  of  the  indigo  to  the  nitrate  j>i  m  mUi 

m  the  limits  actually  determined.     Tie-  following  will  be  the 
results  arrived  at  when  using   20  c,e.   of  the  nitrate  soluti 
each  experiment; — 


Value    of  the    Indlg*o    in    Nitroaen    for    different    strength*   of 
Nitre    Solution. 


DnhwMMH  n 

Strength  ol 

oitTfl  •olutiOll 

used. 

Tndigo 
n  onlxsti 

Difference 

between 

amount* 

Nitrogen 
ooi  roepflWltnj 

to  1  C.C  of 

Difference 

between  the 

nttrofran 

* alues  lot  ft 

differenoe  of 

t  c.c.  in  the 

■mount  of 

ot  indigo. 

Indigo. 

v  nines. 

uxUfo. 

C.O. 

O.C. 

PUL 

pUL 

gross. 

A  B<  md  ird 

1000 

— 

0-000  08000 

— 

— 

tfr     ii 

871 

1*29 

0000035161 

0000000161 

0000000125 

ft      *t 

743 

1'26 

O-OOOo;; 

o-ooooo 

O0OO0O0132 

ft      ..      ... 

<:M 

120 

0000035627 

0000000298 

0000000281 

ft      „ 

486 

1-28 

0-000036008 

o-oooo- 

0-000000298 

A      .>       ■ 

357 

I'M 

OOOOtv. 

0-OU00007&6  |o-o00000586 

ft 

229 

1'28 

0000038200 

'0OH45    0-00000! 

ft     ,.      ... 

l'OO 

1-29 

000004.1750 

0000005541    0  000004205 
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bio  Lb  very  simple.    Supposing  that 
luirod  5*36  cjg,  of  indigo,  this  amount  is 
c    above  the  nearest  [>oint  (4'86  cc)  given  in  the 
a   from  the   right-hand  column   that  0'0000OOI49 
aently  be  subtracted  from  the  unit  value  m  nita 

->f  indigo.     We  thus  God 
■     'I  nt  0-000035859  gm, 
of  X  per  cc  :  the  water  therefore  contains  9*6  parts  of  $  at  nitric 
[*er  million.     If  20  cc.  of  the  water  have  required  Lea 

[  value  oorresponding  to  1  ex.  of  indigo  is 
ilculating  the  result     This  will  give  accurate  results 
oil  of  vitriol  employed  is  .jnitc  pure. 

necessary  in  practice  to  form  so  complete  n  table  as  that 

;   it  will  suffice  to   determine  the  indigo  with  nitre 

t  -*,  itj,  aVi  and  jpj  strength  :  if  another  solution  is  used, 

toj  ,  th  seems  the  most  important     It  may  be  .sufficient, 

lbos,  umplj  i  one  the  indigo  with  the  i  and 

f\   nitre   solutions,  and  bo   find   all  the  intermediate  valnea   by 

ition  ;  examples  will  he  presently  given  showing  the  amount 

:it  between  Lculation  and  experiment.     If  10  cc. 

re  to  be   employed  as  well    as   20  cc,   separate   tallies 

fiving  the  values  of  the  indigo  in  eai 

advantage  that  follows  from  thin  trouble- 
rdizing  the  indigo  with    various 
ns  ■  it  tends  to  remove  the  errors  out  to  impurities  in  the 
-til  of  vitrioL     As  the  volume  of  the  oil  of  vitriol  used  depends 
far  more  on  the  volume  of  water  taken  than  on  the  quanl 

LI  contains,  all  errors  due  to  oxidizing  or  reducing  matter 

■  ■  I  in  the  «>il  of  vitriol  fall  fur  more  heavily  on  determinations 
of  small  quantities  of  nitric  acid  than  <>n  larger.  Unless,  therefore, 
th-  .<il  of  vitriol  used  wa  i  bely  pure,  it  would  always  he 
i] . . .  — .ii  y  t"  M.mdardUe  the  indigo 

elation  of   indigo  to    nitric    acid    were  exactly  th 

■  k  and  strong  solutions.     By  standardizing  as  now  described, 
mrie  acid  affect  the  figures  of  the  table, 

not  the  result  of  the  analysis.     Such  standardizing  has  also 
as    f;ir    as    it    goes,    of    •  dihrating   the    bi] 

falling   on    the    table,  and    not   on    the 

jeea  calculated  from  it. 

En    standardizing  the    indigo   solution,  and    in    the  subsequent 

regard    must    be    paid    to  the    initial 

aire  ,>i  the  solutions,      \  a  the  initial  temperature 

nded    by  it    diminution    in    the   quantity   of   indigo 

i  rceptible   in  the  case  of   the  stronger 

i    niti.it.'       The    following    tilth;    shows    the 

rue     indigo     solution    at    two 

Bpetatarea,  representing    nearly    the    extreme    limits    at  which 

D6  used    ill   i  I   the. 

i:    2 
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room  during  the  experiment  was  10° ;  for  the  trials  at  the  higher 
temperature,  the  flask  containing  the  indigo  and  nitrate,  and  the 
test-tube  containing  the  oil  of  vitriol,  were  placed  for  some  time 
in  a  water  hath  at  22 — 23°  previously  to  being  mixed. 

Indigo   Solution   Standardised  with   10   o.o.    of  Vitro    Solution. 


Strength 
of  nitre 
solution. 

At  10*. 

At  SB0. 

Indigo 
required 

(actual) 

Indigo 
calculated 
from  two 
extremes. 

Indigo 

required 
(actual). 

Indigo 

calculated 
from  two 
extremes. 

i  Standard 

T*       „         - 

C.C. 

1028 
497 
2-30 
0*99* 

CO. 

1028 
4*97 
238 
099 

e.c 
9-76 
478 
2*18 
0*96 

eve 
9-76 
473 
2-22 
0*96 

Standardised  with  20   c.c.   of  Nitre   Solution. 


£  Standard 

10*26 

10*26 

974 

9*74 

iir     n 

4*84 

4-96 

4*65 

4*74 

2-21 

2*31 

2*21 

2*24 

Tt       i» 

0-99 

0*99 

099 

0*99 

It  is  seen  that  a  rise  of  12°  in  temperature  diminishes  the  indigo 
consumed  by  about  5  per  cent,  in  the  case  of  the  stronger  solutions 
of  nitrate ;  it  is  evident,  therefore,  that  the  indigo  solution  should 
be  standardized  at  nearly  the  same  temperature  at  which  it  is  to  be 
used. 

In  the  table  the  quantity  of  indigo  corresponding  to  the 
intermediate  strengths  of  nitre  solution  has  been  calculated  from 
the  determinations  made  with  the  two  extreme  strengths,  to  show 
the  amount  of  accuracy  to  be  attained  by  this  plan  ;  the  agreement 
of  calculation  with  the  results  actually  obtained  is  sometimes  very 
close,  but  in  others  the  difference  is  somewhat  greater  than  the 
errors  of  experiment. 

If  the  indigo  solution  has  been  standardized  with  20  c.c  of  the 
nitre  solutions  recommended,  the  operator  will  be  able  to  titrate 
waters  containing  nitric  acid  up  to  17*5  parts  of  nitrogen  per 
million.  If  the  indigo  has  also  been  standardized  with  10  c.c  of 
the  \  and  y  nitre  solutions,  the  operator  can,  by  employing  10  cc. 
of  the  water,  extend  his  range  of  analysis  to  waters  containing 
34  parts  of  nitrogen  per  million.  Waters  stronger  than  this  should 
be  diluted  for  analysis.     The  natural  error  of  the  determination, 

*  It  must  not  be  supposed  that  it  was  possible  to  work  to  one-hundredth  of  s  cubio 
centimeter ;  in  all  the  figures  given,  the  errors  shown  by  calibrating  the  measuring 
Teasels  employed  have  been  taken  account  of,  and  minute  tractions  thus  introduced. 
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shown   by  the   performance   of  duplicate   asjwrimi'ntf1  will   not 
exceed  1  perootn\ol  the  nitric  acid  present  in  thecsssof  waters 

containing    17   of    nitcogea    per    million,    but   may   amount    to 

5    par  cant   With   waters    containing    u    little  U    '2    of    nitrogen 

pes  million. 

Chlorides  an  of  ooane  generally  present  in  waters  cento uning 

I  altogether  without  effect  do  the  dstsnoination 

with  indigo. 

Tin-  presence  <-f  an  abundance  of  i  hlaridee  occasioned  in  error  of 

ncy  of  about  1~>  pel  cent,  in  the  ease  of  ■  I  standard  solution 

-if  nitre,  and  an  error  of  excess  of  4-t  par  seat  to  the  oaseof  a 

solntjon  of  one-quarter  this  strength.     At  sous  point  between  tba 

two  the  error  was  probably  rtil.    The  different  direction  of  the 

error  is  apparently  due  to  the  effect  of  chlorides  on  the  duration  of 

BOtion.      As  nitre  solutions  lieeoTiie  weaker  the  time  occupied 

by  the  reaction  with  indigo  it  lengthened.  and  tin-  proportion  of 
indigo  oonanmed  diminished.     In  the  presence  of    cldorides  the 

on  "f  the  reaction  in  weak  solutions  is  much  shortened^  and 
the  quantity  of  indigo  consumed  is  consequently  mcroosott 

Tlie  error  mtroduced  by  chlorides  is  En  many  purposes  Insignifi- 
eaut.  Thus,  two  aifcre  solutions  employed  contained  17*8  and  4*3 
of  nitrogen  pat  million;  titrated  in  tin ■  presence  of  excess  of 
chloride  the]  yielded  17"5   and  4*5  per  million.     As   in    water 

is  the  n mount  of  chlorine  is  always  determined,  U  would  be 
well  to  make  this  part  ■  i-f  the  analysis  preliminary  to  tin-  nitric  arid 
determination.  lbs  indigo  might  also  be  standardised  with  nitre 
solutions  containing  excess  of  chloride,  and  a  small  quantity  of 

■  lilt-ride  added  to  all  waters  deficient  in  this  constituent 
tSTinkenei  has  Kmunended  the  addition  of  chlorides  to 

the  -tandard  nitre  solutions. 

Nitrites  are  unfortunately  not  capable  of  being  determined  by 
indigo;  the  amount  of  indigo  oxidized  is  amah  Isaa  than  m  the. 
case  of  nitrates,  and  the  reaction  is  far  from  being  sharp. 

Nitrites  may  be  easily  converted  into  nitrates  by  treatment  with 

ite,  and  may  then  be  determined  by  mdign.      A  Solution 

n  ial  potassic  nitrite,  which  contained  sy  the  Orum- 
Frsnkland  method  31*5  parts  of  nitrogen  per  million,  gave  only 
38*1  parts  of  nitrogen  when  tested  by  indigo  previously  rctsndnrdirnri 

with  a  nitrate.  The  same  quantity  <>f  nitrite,  in  a  more  poncon- 
trated  form,  was  tirst.  treated  with  permanganate,  to  remove  any 
idental     reducing    matter,    then    acidified    with    ^ulphujie    acid, 

permanganate  slowly  added  till  decolorisation  do  longer 
occurred.    Tin*  solution  was  finally  brought  t->  the  Bams  volume  as 

first  experiment,  and   tested  with   indigo;    it  DOW  yielded 
32*4  parts  of  nitrogen  per  million. 

If  chlorides  are  present  as  well  as  nitrites,  free  chlorine  may  be 
produced  during  treatment  with  permanganate,  and  the  determina- 
tion  with  indigo  consequently  come  out  too  high;  in  this  case  it 
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may  be  well  to  make  the  liquid  slightly  ammoniacal  after  the 
treatment  with  permanganate,  and  raise  the  temperature  for  an 
instant  to  boiling.  This  mode  of  proceeding,  according  to 
Boussingault,  completely  removes  free  chlorine. 

The  weakest  point  in  the  indigo  method  is  its  behaviour  in  the 
presence  of  organic  matter.  Warington  found  that  a  small 
quantity  of  cane-sugar  greatly  reduced  the  quantity  of  indigo 
oxidized  by  a  nitrate,  the  effect  of  the  sugar  being  greater  in  dilute 
solutions,  in  which  the  reaction  was  naturally  more  prolonged. 
The  use  of  a  large  proportion  of  oil  of  vitriol  also  increased  the 
effect  of  the  sugar.  Carbolic  acid  and  urea  also  act  as  reducing 
agents,  while  tartaric  acid  has  been  proved  by  many  experiments  to 
be  without  effect. 

The  indigo  method  cannot  be  employed  with  safety  for  the 
analysis  of  waters  distinctly  contaminated  with  organic  matter. 
There  appears  to  be  no  method  of  determining  small  quantities  of 
nitric  acid,  save  that  of  Schlbsing,  which  is  free  from  suspicion 
under  these  circumstances. 

In  the  case  of  ordinary  drainage  waters  the  agreement  between 
the  indigo  method  and  that  of  Crum-Frankland  is  very  good. 
The  following  analyses  of  drainage  waters  refer  to  waters  collected 
from  unmanured  arable  land  ("Warington).  The  figures  represent 
nitrogen  per  million : — 


Crum-Frankland  method. 

Indigo  method. 

227 

230 

166 

16*9 

133 

13-8 

In  a  series  of  comparative  analyses,  by  the  same  two  methods, 
of  nitrified  solutions  of  amnionic  cldoride  (/.  C.  S.  1879,  448) 
the  agreement  between  the  results  was  generally  good,  and  the 
comparisons  instituted  by  Hatton  (J.  C.  S.  1881,  258)  are  equally 
satisfactory. 

The  general  conclusion  respecting  the  indigo  method  for  deter- 
mining nitric  acid  will  be,  that  it  is  excellently  adapted  by  its 
simplicity,  rapidity,  and  delicacy  for  general  use  in  water  analysis; 
but  that  accuracy  can  be  secured  only  by  working  under  the  same 
conditions  which  obtained  when  the  indigo  was  standardized. 
In  the  presence  of  organic  matter  the  results  obtained  with  indigo 
must  be  accepted  as  probably  below  the  truth. 

The  above  description  is  given  mainly  in  Warington's  own 
words,  and  is  undoubtedly  the  best  plan  of  working  the  process  so 
as  to  secure  accuracy ;  notwithstanding  this,  there  are  some 
operators  who  seem  disposed  to  discard  it  even  for  water  analysis 
(I)upre,  Analyst,  vi,  39).  I  am  inclined  to  think  that  the 
apparent  or  alleged  inaccuracies  arise  from  want  of  patience  or 
practice,  and  that  if  the  manipulations  are  well  understood,  the 
process  will  give  as  good  average  results  as  most  of  the  processes  in 
use  for  the  determination  of  small  quantities  of  nitric  acid. 
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■  inly  the  mart  handy   ptOOBM  for  rapidly  BJ 
aj'prfxiiiiat'*  amount  of  nitric  acid  in  any  given  substance;  ana 

e  other  methods,  where  it  i.s 
Efak  tin*  amount  "f  nitric  wid 
with,  it  is  without  q  rival     For  such  purposes  in  the 
"f  such  us  gn  ,  otc.,  the  process  may  be 

i  as  follows: — 

(1)     A  rough  test  is  made  with  ID  c.c.  of  the  nitrate  solution  nod  stronger 
I  <-.c.  of  oil  of  vitriol. 
H  10  0.0.  of  Hit'  nitrate  solution  require  lew  than  1  c.c.  of  stronger 
t ht  ii  10 o.o,  <-f  it  may  at  once  be  titrated  with  the  weaker  indigo; 
mie  of  j\f'id  being  rsgnklsd   by  the  first  experiment  to  equal  the 
le  of  nitrate  solution,  plus  the  volume  of  weaker  indigo  required.     1  <  .<  . 
or  bo  of  Sflid  other  way  docs  not  EnsnSOM  the  ■roeriinCQtj     This  second 
itrntion,  if  carefully  performed,  lining  an  ordinary  spirit  lamp  of  small  flame 
value  of  the  nitr  i  ■  of  weak  indigo. 

(3)     If  in  the  preliminary  test  lo  c.c.  of  the  nitrate  solution  rr-imire  more 
I    0.'  ,  bat  less  than  3  c.c.  of  stronger  indigo,  the  solution  may  be 

■      -.   nf    :i«'i'i. 

the  preliminary  test  lu  c.c.  of  nitrite  rotation  require  more 
■  o.  •  -(  stronger  indigo,  the  solution  must  be  dibit- id  rice,  or 

i    j  be,  so  a?  to  bring  it  to  about  the  strength  of  (be  in 
standard  nitre  solution,  when  it  miv  bo  lunik  Uftmtod  with  tbe  ■ 
unounl  «-f  m -id. 


7.     G-asometric    estimation    as    Nitric    Oxide. 

Th  -  method  erf  estimating  nitrogen  existing  as  nil 

ither  sepaa  ly  delicate 

tiny  onder  proper  manipulai 
It  is  now  best  known  as  th     I  rum-Frankland  method,  the 
y  from  Crum,  and  afterwards  improved  in 
S    Frankland  and  Armstrong,  in 
known  method  ..f  v. 
So  h  of  the  method  for  water  analysis  isoonci 

-  given  in  Pari  VI.,  where  the  shaking  tabs  which  is 

il  fai  the  decomposition  of  thi  nitrogen  compounds  by  mercury 

ic  acid  is  figured,  and  the  details  of  the  process  as 

iters  fully  described, 

TV  method  there  given,  however,  requires  the  use  of  a  gns 

Tins  method  obviates  th  ity,  and  though  the 

ll*  cannot  Iw  sail]   to  be  absolutely  .   they  are 

i  :i^  the  examination  of 
raw  eon  me  rend  nitrates,  manures,  etc. 
Th*  apparatus  used  is  Lunge's  nitrometer,  n  figure  of  which  is 
in  the  section  on  I  I   gas  analj  Lpeatied  with 

iption  oi  Uie  metliod  oi  I  of  the 

timation  of  nitron,  and   i       ii        ds  in  vitriol 
■  xplnined  in  tin 
Tip    .  the  nitric  oxidu  obtained  eon  be  read  afl 
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it  is  reduced  by  Buaeen'a  tablet  to  0"  and  760  nun.,  end  the 
parcantage  ol   the  acid  calculated  from   it.      Ea<  NO, 

iup.a«ureU  at  0"  anil  7G0  in.m..  SJO,  ot 

raugm    UK)8,  or  2417  m.gm.   N-o-,  or  4521    KY 
1     VLgna   NaN«  >  .     !'■>  this  pro<  i  [trie  and    i 

acids  cannot  be  distinguinh  'titer. 

The  principle  of  the  reaction  i 
ili-m  of  N  i 
nature  <<f  the  method  for  vitriol-testing  nan  been  amply  dem-mtinted 
)»v  "Watt-,  by  Davis  (tt  A".  xxxviL  15),  and  Thi 

instrument  itself  baa  been  made  in  several  modified  ways,  hut  the 
principle  of  its  .  m  ia  the 

Allen  (Analyst,  v.  181)  recommends  the  use  "f  Lhix  instrument, 
fur  tl»'  in  of  nitrates  ami  nitrites  in  water  residue 

to  obviut.«-  the  difficulty  in  reading  the  volume  which 
arises  from  the  mercurial  froth,  he  uses  two  nitr  Ida  by 

side,  in  om  of  which  ia  worked  a  pure  rtaj 
"m  the  other  the  material  for  analysis  under  precise^ 
conditions  of  temperature,  pressure,  etc.     If  the  ap 
ins  the  oomparati  free  from  Leakage,  i1  may  be  retained  for 

a  Eonfl  period  for  the  purest*  of  comparison, 


8.      Colorimetric    Methods. 

Phenol  Method. — Both  this  ami  the  enrhazol  method  arc 
applicable  chiefly  to  waters  where  only  small  proportiona  of  nitric 
a*  id  are  to  be  estimated.    The  solutions  required  are — 

Standard   Potaasic  nitrate. — 0-7215  gm.  of  K.X08  ie 
in  a  lit'  i.     1  cc.  of  this  solution  =  ^y  uugm.  of  N, 

part  N  in  100,000.  100  cc  of  it  should  be  diluted  to  a  lite*  let 
Use  in  the  actual  analysis,  and  10  cc  taken,  bo  avoid  the  [Ktfeihlu 
error  resulting  from  measuring  only  1  cc 

Phenol  Sulphuric  acid — 80  cc   of   liquified   pare   phenol   b 

poured  into  'J00  cc.  of  pure  concentrated  sulphuric  arid  in  a  flask, 

pt  00  a  boiling  water  hath  for  eight  hours.     The  mixture  i.* 

cooled,  and   140  c.e.  of  pure  hydrochloric  acid  with  420  cc  of 

water  added    The  solution  is  then  ready  for  use. 

The  Anafyti*:  10  cc.  of  the  water  under  exam'n  of  the 

standard  potassic.  nitrate  arc  pipetted  into  two  small  beaker*  and   placed  near 
the  ed^e  of  u  hot  plate.     When  nearly  evaporated  they  are  removed  to  the 
top  of  the  water-oven  and  left  there  till  they  are  evaporated  to  «■ 
dryness.    As  this  operation  usually  takes  about  un  hour  and  a  half,  it  in 
better,  when  time  if  mi  object ,  ■■  t<»  dryueav  in  a  platinum  dish  over 

steam.     The  residue  in  each  caw  u  then  treated  with  1  •  ihenol- 

soJphnric  acid,  and  the  beaker*  are  placed  on  the  top  of  the  water-oven.  If 
tbewalet  under  examination  contain  a  lar^e  quantity  of  nitrate*  the  liquid 
s|>eedily  assumes  a  red  colour,  which,  in  a  tcood  water,  wiU  not  appear  for 
about  ten  minutes,    Aft  «n   minute*  the   beakers  are 

removed,   the  contents  of  each   washed   oal 
measurintf  glass,  a  slight  excess  (about   20  c.c.  of  v  •  added, 
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le    100  c.c.   matin   up   by   the   addition  of  water,   and    the   fellow  liquid 

transferred  toaNessier  glass.     Tho  more  strongly  coloured  liquid  is  then 

tnuufernd   to  the  measuring  glass  again  and   the  tinte  compared 

ma.     In  this  my  the  tint*  are  adjusted,  and  when,  as  far  an 

possible,  match.1*!,  tin-  liquid  that  has  been  partially  re-moved  is  made  up  to 

the  LOO  vltfa  water,  and,  after  well  mixing,  finally  compared.     If 

new  Liquid  can  at  once  be  made  up,  probably  of 

the  nine  tint,  u  the  first  experimenl  gives  very  nearly  the  number 

of  the  one  equivalent  ta  the  LOO  otter.    A.  K.  Johmon 

hll  very    useful   Analf/nt**  Laboratory   Companion   (p.  50)    has  given  a 

ible  for  Dbteiaine  the  nitrogen  in  peris  per  100,003,  and  also  in  grains  per 

kDOD.  bjl  this  iiit-tbod. 

In  the  ease  of  very  good  waters,  20,  50,  or  more  c.c.  should  be  evaporated 
ft  «di»1I  bulk,  rineea  into  a  small  baker,  and  evaporated  to  dryness  and 

nk  nitrate  (  =  05  N  iu 

100.000)  being  taken.     In  the  case  of  very  bad  water-;,  1»>  fen.  should  l>c 

into  I    LOO  0.0.  maewirinfl   flask  and  made  up  to  the  mark  with 

LiatiUed  water,  then  10 Co.  of  the  well  mixed  liquid  y-  1  c.c.  original  waler) 

ilhdrawii  and  treated  us  above. 

The  Carbazol  Method. — Tin-  stand-inl    potflflffiO    nitrate.    uiul    pure 
[ulphuric  acid,  .is  above,  are  required  as  well  as  the  following    | 

(a)  Silver  sulphate   solution  containing  4*3945  grn.  per  liter; 
will   precipitate  one  part   of  chlorine    pas   100,000  from 

(b)  Aluminium  sulphate  solution  foe  boan  chlorides  and  inm, 
am  pot  lit 

(**)    Carbexol  Solution. — O'G  gnx  carbazol  is  dissolved  in  glacial 
■ti.    .n-iil.  and   tho  solution   made  up  to  100  cr.  with  the  glacial 

For.  'i-.',  I  cc  of  this  solution  «  withdrawn  by  a  pipette 
iii.l  mixed  with  16  to.  «'f  pore  re-distilled  -sulphuric  acid. 

Ii   i-  advisable  to  prepare  a  series  of  solutions  containing  0*03, 
'"o.  0*07,  aba,,  porta  of  nitrogen  per  100,000  from  the  standard 
i  tii >ii  by  diluting  with  water. 

Thr  Analtftin  :  Tu  100  c.c.  of  tin    |     |  unoanl  of  chlorides  in  which 

lift-  first  been  ascertained,  sufficient  of  the  silver  sulphate  solution  is  added 

"rum  a  burette  to  precipitate  all  the  chlorides.     To  this  solution,  containing 

on,  Ii  c.c.  of  tin'  aluminium  sulphate  solution  is 

added,  and  the  whole  mode  up  to  a  convenient  hulk,  110  e.e.  in  the  case  of 

waters  conUuniuLT  1  to  8  parti  of  chlorine  per  100,000.     The  solution  is  then 

filtered,  and  2  c.c.  of  this  filtrate  are  then  taken  for  the  nitrate  estimation, 

nid,  or  course,  the  ainouut  found  most  be  calculated  from  the  diluted  bulk 

■  -liition.     To  the  8  c,c.  of  the  filtered  water  contained  in  aftast-Wbt, 

ontrated  sulphuric  acid  in  added,  and  the  mixture  well  cooled. 

'irbazol  solution  in  sulphuric  ftcid  as  above  described  is  then 

bright  green  colour  appears  in  a  few  moments  if  nitrates  arc 

The    amount  of    nitrate  is    roughly  gauged    from    tbe  colour 

of  the  standard  nitrate  solution,  considered  to  be  equal 

placed  in  a  second  test-tube,  and  the  operation  repeated  with  it  and 

the  water  under  examination  at  the  same  time.     If  tho 

tints  are  not  similar  a  fresh  comparison  must  be  made,  and  in  every  case  it  is 

necessary  to  repent  the  operation  with  a  fresh  quantity  of  the  water,  so  that 

ilours  may  be  developed  as  nearly  as  possible  simultaneously. 

0*0006  m.gm.  (if  nitrogen  as  nitrate  may  bo  detected 
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liv  the  carliaznl  method.     The  removal  of  chloride*  w  necessary  f<" 
■  tli-  nitration  does  not  take  mush  time  when  alumimu 


WITKITES. 
1.     Iodometrlo  method. 

Dun  td   Dymond  (J  [31  xix.  741) 

i    a    method    f*»r    tl 
inorgan  n    which    is   both   simple   in    operation   and 

accural       '         lilts.      The  authors  point  out   Unit   although  the 
i&OEganic  nitrites  maybe  accurately  analyzed  hy  gnsotneti 
ot  by  petmangan  ite,   it  ia  u 
such  methods  for  thi 

their  alcoholic  solutions.     The  reaction  upon 
which  the  method  depends  a  not  new,  being 
[uatioii — 

2H1  i-2HNn- 

The  Li  line  \-  >':■ 

sulphate  in  the  usual  way,     The  chief 

in  thi  i       simple  foi 

ml  which  18  shewn  in  tig.  41. 
A  stout  glass  flask,  having 
■    ■ 
rubber  stopper,  through  whieh  i 

d  of  which 
(that  within  the  fla.sk)  is  cut  "tf  obi 
tlmt  liquid  may  flow  freely  through  it.     The 
other  1'iul  of  tin*  Lulw  i-^  cunm 
of    a   piece   *<f    thick   ruM»-r   tubin 
larger  glass  tube,  which  forms  a  lipped  i 
(A).     A  steel  screw  clamp  (15) 
uiunication  bet  \ 

and  the  short  interval  of  rubber  which  i 
occupied  '■  thing  fori 

which  tli"  !lask  may  lie-  moved 
at  right  an 

hy  ajfi tiit ion  the  liquids  whieh 
into  thn  apparatus.     The 
in   the   apparatus   is  aso 
ahout  CK)  e.c.  "f  water  in  the  tla.sk  until 
continuously  issued  from  the  funn 
some  few   minutes,  when  tin 
iniiekh  closed   and 
of   beat   is  removed,     A  little  wi 

placed  in  the  funnel  and  the  tl  coo]    I  by  immersion  in 

On  sharply  inverting  the  Husk   the  "<l 
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rleaa  flask  shouM  be  quit*  distinct     Wo  water  should  be 

drawn  front  the  funnel  or  (ram  any  of  tin*  joints  into  tile  flask, 

ami   no  •Hininntion   in   the   intensity  of    the    "(.'lick"  should   be 

i  ih«'  apparatus  li£  tending,  neither  wheti  the 

funnel  empty  should  any  babbies  of  air 

pass  through  into  the  liquid      Having  th.ua  proved  the  fl 

|  !-.uk  in  the  AppumttU  it  is  remdy  f"i  use.     Tim  flaak  is  now 
free   from  all    out   hut-'    tncei  L      A  conclusive  proof  of 

obtained  by  boiling  in    the    Bash    a    eOltttion  of   p 
iodide,  acidified  with  diluted  sulphuric  aitid,  ami  then,  iftex  the 
<-)<»r.i  (tn.-k  has  been  cooled,  the  funnel  removed   ami    it.s  place 

takrn    by    a    smaller    ^Iusm    tube.    filled   with    uir-frn-    water,    the 
nnected  with  a   reservoir   of   pun-   nitric   oxide. 

When  tl lump  is  unscrewed  nitric  oxide  i*  drawn  into  bhe  Bade, 

lould  any  oxygen  l»-  present  cid  will  be  pro 

and  consequently  iodine  will  1h-  si«t  free,     This  expetimont  Inn* 
been  made  by  the  authors,  who  have  railed  to  observe  any 
but  an  inaJgnifiwuHj.  trace  of  liberated  lodi 

The  Ana!if»ix ;  5  0.0.  of  a  10  per  coat,  solution  of  potassie  Iodide, 
-.  10  per  eent.  volution  or  polphario  acid,  ami  H)  o.e.  of  water  are  introduced 
into  the  flask,  irbjofa  i*  *  onrely  furM  with  the  eork  carrying  tin  rum 
tube.    The  j*ctcw  clip  being  open,  and  a  free  passage  left  for  the  escape  of 
irteani,  tie    liquid  ta  After  a  few  minutes,  when  any  iodine  which 

may  have  been  liberated  Ins  bean  aipeHed,  ami  the  upper  part  of  the  flask  is 
completely  filled  with  steam,  which  is  also  freely  issuing  from  the  funnel,  the 
closed,  and  el  the  same  moment  the  source  of  heat  is  removed. 
attle  writer  is  now  put  into  the  funnel,  and  also  on  the  rim  of  the  fliLt-k,  as 
reguard  against  a  possible  minute  leakage,  and  the  vessel  is  ooo)< 

A  wlution  containing  a  know  i|  the  nitrite 

to  about  01  gm,  of  nitrous  arid)  is  placed  in  the  funnel,  and 
■  the  flask  by  oeufejoml  ina  tbeolip,    The  hquid 

•  Hi. res  to  the  funnel  is  washed  into  the  flask  with  reeenttj  boiled  and 
water,  care  bciug  taken  Hint  daring  this  operation  no  fir 
bale  the  flask.      When  experiments  are  being  made  with  otgaoic   nitrite- 
i  loluble  in  water,  i ;  wived  in  alcohol,  nnd  uleohol  is  also 

used  to  wacli  the  funnel.     When  the  nitrite  is  very  volatile, a  littl 
lol  should  be  put  in  the  funnel,  nnd  the  point  of  the  \ 

to  should  be  held  ut  the  bottom  of  the  funm  1  beneath  the  i 
i    liquid  qnieUy  drawn  from  the  pipette  Into  the  flask    The  nitrate 
l«en  introduced,  tho  fla^k  if*  well  shaken  and  the  liberated  to  I 
I  with  »  itandard  aolution  of  sodie  thioaoJnhal  .  naaQ 

i  from  a  burette  into  the  funnel  and  gradually  drawn  into 
(L'utk ;  the  screw  clip  renders  it  quite  easy  to  admit  minute  Qnantxl 

on.      Ab  soon  as  the  [0Qa«  used,  any  standard  solution 

talning  in  the  runnel  i.<  relumed  to  the  burette.     Or  the  funnel  may, 
immcDced,  l>e  replaced  by  the  burette  ii-'  II'.  and  toe 
delivered  direct  into  the  flask.    Starch  maj  ben 
Lor,  but  it  is  usually  quite  easy  to  observe  tho  complete  disappt-o 

•olnuon  need,  the  amount  of  nitrous  acid  is  calculated  from  the  ■ 

that  'In'  a 

,  with 
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id  tan,  at*   frail  a*  I'v   !i  idnnlej 

funnel  to  deliver  thi  solution,  and  n 

Tlir  authors  quote  numerous  experiments,  comjHuring  the  u 
with  carefuJ  eetun&Gtcma  of  soflir  and  ethyl  nitrites,  gas 
shewing  exoellenl  n 

teat  of   the  accuracy  of   the  process,  ex pei 
u:Oi  various  organi<    nitrites  *<f   known  purity.      In 
each  instance  ;t  solution  «>f  tin*  uitrit  and  :i 

weighed  qoantity  was  aaed  for  tin-  estimation.     To  pi 

>■  vnlatile  uitril  expeiimenl 

tin-  following  maimer: — A  well-etoppered   bol 

loohol   corresponding  i"  the   nitrite*  to  be   eel 
weighed.     Sufficient  "f  the  nitrite  was  now  introduced  by  means 

■  petta  t"  constitute  approximately  ;i  2  per  cent  Bolutio 
the  liquid  again  weighed.      Tin*  exact  strength  of   the  solution 
having  been  thus  determined,  the  contents  of  the  bottle  wen1  well 
mixed,  asd  Qu  neck  and  stopper  of  the  bottle  dried.     The 
was  now  pa-weighed,  and  ul>out  2  c*c  of  the  solution  removed  by  :t 
ptpettdi  care  haing  taken  not  to  wet  the  neck  of  the  bottle.     The 

liquid  having  1 d  introduced  into  the  Bask  without  exposure  bo 

air,  En  tin  manner  wb  been  previously 

containing  the  solution  was  again  weighed.     Thi 
with  ethyl  nitrite  were ; 


Taken. 
0088  gm. 
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2.     Analysis    of  Alkaline   Nitrites   by   Permitng-ano.te. 

Kinnicutt  mnl  Nef  (Amer.  Chun.  Journ.)  have  experin 
on  til-'  following  method,  and  obtained  \  -ulte. 

The  aunple  ol  nitrite  i*  dissolved  in  cold  water  in  the  proportion  of  mbout 
1  to  300 :  DO  this  liquid  ,"„  iK-rmanganate  «  added,  drop  by  drop,  till  it  htw  a 
permanent  red  colour;  thee  2  or  3  drops  of  dilute  H*80\  and 
Biter wanll  a  known  excess  of  the  permanganate.  The  liquid,  whi.-li  ihoaln 
now  be  of  a  dark  rod  colour,  is  strongly  acidified  with  pure  II -SO*,  heated 
t4i  boittng,  and  the  excess  of  norma  n  pan  I i  id  by  tnean*  of  freshly 

Ufiusitd    *n  oxalic  acid.      1   c.o.  iKrmftnganatc^O'Oo^S  gm,   NaNO*.  or 
O-0425  gin.  KNO*. 

Of  course  there  must  lie  no  other  reducing  sub 
nitrite  present   in  the  material  examined,  and,  to  ensur 
ii  blank  experiment  .should  bo  miwlc  with  the  liki 
IKso*  and  oxalic  acid. 


•  Tbo  correaponduur  akobol  was  employed  to  pro  vent  loan  oonaequent  on  t  h«  •  u.-currenc« 
of  a  reverie  chemical  change,  vhicu  ukee  place  when  a  lower  homologous  n 
mixed  with  the  nitrite  correspond  in*  to  t  higher  hainolofpous  alcohol ;  for  ex&mpttf. 
a  solution  of  etuyl  nit  rite  in  ethyl  alcohol  «oon  hooomes  a  eoluUon  of  ethyl  nitrite  in 
auijrl  alcohol,  from  which  the  ethyl  nitrite  rapidly  volatiliua. 
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3.     Gasomctnc   method. 

Percy    Kraukland  (J.  C.  S.  liii.  364)  ajloptfl    this   method   for 
I    in  small  quantity,  but  Loo  I.! 

colon:  m,  and    where   also   ammonia,  organic  D 

ami  aitrab  t.     It  is  hisi.l  on  th«'  fact  that  when 

i   with  excess  "f  urea,  is  mixed  with  .sulphuric 
•ill  in  the  cold,  th«*  reaction  in 

im  ■<  t(NH-)-  t  X-i  t;  =  Co<XII*< >)'-'  +  <  ■< '-'  r  UP. 

e  decomposition  is  mode  i  um-Frankland  shaking 

-I  and  figured  in  Pari  VI.,  and  the  evolved  nitrogen  gas 
measured  in  tin    nana]  gas  apparntaa     The  ordinary  nitrometer 
yalao  be  used  f«>r  Uu^ger  quantities  >>f  No-  by  the  seme  method, 
so  of  an  ordinary  alkali  nitrite,  the  dry  substance,  or 
ts   sol'  porated    to   dryness,    is    mixed    with    exress    of 

rystulliml  urea,  and  dissolved  in  about  2  0.0.  of  boiling  water  in 
r,  then  transferred,  with  the  rinsings,  to  tin-  cup  of  the 
and  passed  into  the  tube,  A  few  o.c  ox  dilute 
olphnric  acid  (1  :  •")  are  than  passed  in.  A  vigorous  evolution  of 
ind  continues  for  some  five  minutes;  the  gas  is  a 
Lxture  0!  nitrogen  and  carbonic  anhydride.  The  deeompo 
is  complete  in  fifteen  minutes.  A  solution  of  pure  sodio  hydrate 
1 1  is  new  added  through  the  cup,  awl  the  mixture  riolently 
until  the  CO1  is  absorbed.  Tin*  gas  and  liquid  an- then 
!  by  means  <>f  another  mercury  trough,  to  bus  I 
,  in-1  the  gas,  which  is  double  the  volume  <<(  Qui  N  existing 
V<  I  d  in  a  gas  apparatus,  and  in  Weight  ctlculati 

the  usual  v 

Examph  .■   A  wlution  *>f  wodie  nitrite  was  made  and  standardized  with 
it  being  that  10  t\*\  =  o  iMKi-n;  gm.  N.     10  ex.  of  the 
1  was  evaporated  to  dryness  iu  a  small  beaker,  about  02  %m.  or 
added,  the  whole  dissolved  iu  2  c.c.  of   hot  water,  which,  with  the 
ra  transferred  through  the  onp   into  the   tube,  treated  with 
•■i i )ph urie  ae id  and  caustic  sodaj  t'aen  transferred  to  the  gas  apporatu-  wish 
loQowmg  results: — Volume  of  N,  13"79  e.c.;  mercurial  pressure,  127  5 
iperature,  VtV  C.     Tho  weight  of    N   thru  found,  after  tho 
corrections,  wua  00013&15  gm. 

Tin*    Crum-Frsnkland    mercury  method,   described    in   tin- 
ion  on  Water  Analysis,  and  in  which  the  Bame  snaking  tube  i« 
not  distinguish  between  nitric  and  nitrons  nitrogen; 
Perc]    Prankland  required  a  method  for  the  estimation  of 
acid  in  a  mixture  of  nitrates,  peptones,  sugar,  and  various 
i  solution  used  for  cultivation  ol  micro-corg^niams, 
the  experiments  earned  out  by  him  showed  that  when  audi  u 
iporated  to  ilryn-'ss  tho  loss  of  HNt  I-  wa«  consider- 
luch  too  low.     Purl  I  intent, 

■  I  that  the  addition  of  a  slight  i-xress  "t  caustic 
itash  duiii  ition  prevented  the  loss  of  any  UX< >- ;  and  on 
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the  other  hand  the  ulditii f  a  slight  excess  of  ammanii  ehlorida 

!  it.    Then  fore  by  .1  » 
and  the  urea  methods,  th. 

i  I  x  1  »- 

.•in*  baud  Ih'ii  of  NH'Cl,  m  b 

other  hand  all  loss  of  HNO1  may  \»-  avoided  I  nwUh 

alkali     Tit"  mode  of  p  ueadvaal 

differential  methods,  in  that  each  acid  if  determined  inuivi 
and  i  ■  j 1 1 v  of  tlir  other. 

4.     Mixtures  of  Alkaline  Sulphite*,   T&iotulpaatea,  and  Nitrite*. 

Lunge  sod  Smith  (J.  £  ' '-  I  il  166)  have  shown  th  1 

tory  nxathod  of  completely  oxidising  sulphites  and  thio- 
sulphatec  by  permanganate  ta  to  add  to  the  solution  ii  1 
of  permanganate,  more  titan  si  tnplete  oxidation,  and 

■with  fonaatiaa  of  MnO-.     Excess  is  then  added 

again  permanganate  till  pink.      When  such  a  mixture  contain* 
nitrites,  that  will  of  course  be  oxidized  to  nitrates. 

To  find  the  amount  of  nitrites  present,  therefore,  the  following 
method  Ei  adopted  : — 

The  solution  of  the  substance  in  not  too  large  quantity  is 
exactly  oxidized  aa  described,  a  known  volume  "f  standard  ferrous 
sulphate'  is  added,  together  with  a  large  excess  of  stro 
The  mixture  is  boiled  nearly  to  dryneafl  in  n  flask  with  slit  valve, 
1.  when  cool,  titrated  with  ]>ermanganatc.  The  difference 
between  the  volume  then  require- In  nil  that  required  by  t] 

the  nitric  acid  which  has  been   n 
escaped  aa  MO, 

The   exceedingly   delicate    colorimotrio    method  of 
nifaitea originally  devised  !  .  and  improved  by  \ 

l>c  described  in  the  section  on  Water  Analysis. 
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§  68.    The  volumetric  determination  of  the  dissolved 
■rater,  ia  an  operation  of  some  importance  in  water  analysis.     It  i* 
well  known   that  organic  and    bacterial   contamii  oetaUj 

e.\i>t  sit]  matter  offering  a  suitable  nid 

tlie    growth    of    bacterial    life.       Water    thus    Dontaminal 

»-d   by  the  living  organisms,   which   consul 
(hating  then  growth;  hence  the  importance  of  the  aatiaaatioa  of 
1  il    oxygen    in    water,    as    a    means    of    ascertaiiun- 
iataooe  "f  the  two  Idnda  ol  impurity. 
In  brewing  also  a  knowledge  of  the  sts 
is  somr  important  i  illy  at  the  ferm  fage  of 

the.  process. 


85fi 


,.1  methods   have   been    proposed    for  tarrying  out  the 
t  mat  ion.     MobVfl  method,  depending  on  the  oxidation  of  fi 
aapoandj,  with  subsequent  titration  by  permanganate,  has  not 
line  ■  Winkler  (BerickiB  I88fe\  2851)  has  quite 

d  to  t : i k •_■  advantage  of  the  oxidation  of  nianja 
rdroxide*    by    dissolved    oxygen,    the    lusher    oxide    formed 
sing  decomposed   l»y   sulphuric  acid  and   potoaatq   iodide  with 
iberatiuu  of   iodine,  which  La  !    bj    titration  witli  aodio 

I  is  disturbed  bj  the  nreaenoe  ol  nitrites, 
hit  ti  also   Liberate  iodine   from  acidified  potaaaic  iodide  j  great 
lie  non-tami  nation  also  interferes,  inasmuch  ae  the  impurities 
at  tik  •  up  a  portion  of  ths  liberated  iodine, 
ftchtttienberger'a  method, t  fully  described  in  the  last  edition 
this  book,  has  received  great  attention  from  many  open 

nave  repotted  favourably,  whilst  others  find  Hie 

ocess  unreliable.     The  reason  for  the  anomalies  apparent  in  the 

of  tli  experimenters  is  shown  in  the  resulta  <>f  an 

iing   critical    i  I    the    process  carried    out   by 

fi   and    Luut  (J.    C.  S.    1889,   552).      They  show  that   an 

t|tortaui  disturbing  influence  had  been  overlooked,  and  explain 

tany  previously  ill-understood  points  in  the  process. 

iitzenberger'a  original  process  depends  on  the  reducing 
nlphito  \\l-'so ",  prepared  by  the  action  i>f 
\£  dust  "ii  a  saturated  eolution  of  Bodic  bisulphite,  containing 
>'iss  of  Bulphuroua  acid.  Tin-  estimation  was  originally 
irried  out  in  a  large  Woullf'a  bottl  tboui  two  liters  capacity, 
led  with  pure  hydrogen.  About  20 — 30  cc.  of  water  was 
itroduced,  and  alightlj  coloured  blue  by  ipdigo^annine  solution, 
ie  bk  was  then  cautiously  discharged  b>  the  easeful 

opping  in   <»f   hyposulphite   Borution-     T«»   tin-  yellow  rednced 
[iad  thus  produced,  the  watai  to  be  Bxamiasd  was  added  from 
r-ehancd  vessel  holding  about  -50  «-.<■.     The  dissolved  oxygen 
'1  the  Mi  xidation,  and  the  amount  of  hypo- 

[phite  required  to  again  de  be  liquid  was  noted, 

itzenberger  showed  that  when  a  small  amount  of  indigo 
d  in  the  estimation,  the  yellow  colour  produced  when 
completed  quickly  returned  to  blue,  and   tbifl 

hen  decolorized  again  tamed  blue,  and  - for  soms  brae,  until 

able  tin-   first  amount  ol  hypoeulpbite  had  been  used.     Ho 
i  also  that  by  using  u  much  larger  amount  of  indigo  the 
able  portion  of  hyposulphite  was  required  at  ones. 

on  "f  copper  sulphate  with  the 
Iphite  used  he  arrived  at  a  value  (though  an  erroneous  one) 
hyposulphite  employed  in  his  experiments,  and  concluded 
at   the   first  yellow   colour  produced   in   ;i  titration   where 
ant  of  indigo  wan  used,  only  huff  the  oxygen  actually 

*  Obt&uuxl  by  mixing  solution*  of  a  tuan>r»nou» wit  and  ounttio  alkali. 

P«rKSBt*tion  by  I\  Seliuvz«nb«rff er  ((nUntati.vitat  SiimUfie  SfiSwJ. 
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ither  IijlII  for  by 

that  tho  reaction  h 
is  surh,   tl  become*   latent  a.-*    hy< 

le,  which  slowly  gives  op  half  its  oxygen.     He  thn 
for  tin-  return  of  Hue   bUm  mlour,  us  well  as   his  obnsrvatii 
ooly  half   tin    oxygen   was  at   am  <■  obtained.     To  explain  the 

!.  tliat  when  a  large  amount  of  indigo  was  em] 
Htr  irh,.ir  of  the  dissolved   oxygen  was  found,  lit-  assumed  mat 
:i  diffei  .  one  betwi 

reduced  indigo,  in  which  tin-  peroxide  of  hydrogen  is  not  ton 

i:  imaaj   and  Williams  (J.  (i,  "-^1),  wlni. 

with  Bchtitienberger  and  with  DupreV1  that  the  pi 
reliable  results,  throw  a  doubt  on  tin-  chemical  explanatior 
of  the  above  axperimi 

JnsU'uil  uf  tin'   ratio    1   :  2,  they   find   3  :  B  to  be  the  ratio 
between  the  tat  ami  total  quantity  <>f  byposulphite  req 
a  small  amounl  of  indigo  la  employed,  but  ghre  it  only  as  tin 

lion  of  the  varying  ratioa  they  obtain,  and  t  it  i* 

difficult  t«>  devise  an  aquation  which  will  in  a  i,inmr 

account   f««r   tins  partition  of   oxygen"  into   twi 
process.     Boscoe  and   Lunt's  investigation  (./.  I 

w  light  "ii  I  They  ihow  (1 1  thai 

a   aeriee   of   fifteen   i  oxied   out  with 

improve  1    apparatus,  and    under  apparently  identical 
gave  discordant  mult*,  van-in  i      55  and         ;  c.c  of 

hyposulphite  for  the  same   volume  of  water,  showing  a   din* 
of  35  per  cent.  "1"  the  mean  value.     (2)     The  rapidity  of  til 

has  a  gr-'at  influent u  the  result     Tl" 

estimations   carried    ont    drop    by    drop    was    5'47, 
experimenta  with  the  *nme  sample  of  w  i  t  7*1- 

whan    the   titration   was   performed    quickly.     (3)     V»i    only   b 
a   low  result  obtained   by  a  slow  titration  and   a  ult  by 

a  quick  one,  but  by  varying  the  time  of  titration  etill  mo 
variations  in  the  resuJl  an  obtained  ;  any  value  between  1  and  100 
per  cent  of  the  total  oxygen   present  being  shown 
(4)    The  ratio  between   tli  •  entity 

of  hyposulphite  required   is  not   a  constant  one,  and  i 
pable  of  an  infinite  range  <-f  variation. 

The  key  to  the  explanation  of  these  p 
hy  the  authors  as  follows: — "The  mnclusion  *'  from  their  i 
menta   "was,    that   when  is   introduced    ill 

atmosphere  of  pun-  hydrogen,  it  immediately 
by  diffusion  into  the  hydrogen  mud  an  equilibrium 
By    the    recognition    of    this   disturbing    influence,    the    pi 

le  on      ii  .lata. 

(1)     Discordant    n 
because  the  several  titrations  arc  not  performed  m  •  tie  same 

■  A  «.ulv.!  x.  l.-ML 


■-,  whilst  the   slow   titrati  .\  low 

n   luw  already   diffused 
tin1  titration   i^   completed.       No  greater 
u  water  tinder  examination  lost 
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be    giv<  '.! 
SchUtsenberger's  results  show  that  half  tin 
aid  bj  diffusion  bcfoi 

(3)  Tin'  return  of  the  blue  colour  is  due  to  die  retb> 
of  the  diffused  oxygen  by  the  sensitive  yellow  liquid,  o 
gaseous  oxygen  producing  the  bhie  colour,  which  is  tfa 

to  h  reaction  within  the  liquid. 

(4)  The  whole  of  the  oxygen  is  obtained  when 

of  indigo  is  used,  because  when  reduced  it  is  capable 

fixing   tin     whole   of    the   dissolved    oxygen   and    tin 

diffusion.  of  so  targe  n  quantity  of  iudi 

afreet  tl  it,  hi  diatorba  the  end  reaction 

difficult  to  fix  the  point  it  which  the  hut  trace  of  blue  has  been 

discharged  with  any  degree  of  ooouj  1 1  >»pi  &  ?<■<    sjgA     Hani  ■• 

mst  be  resorted  to  in  which  difiusi 
and   E&osooa  sad   Lunt   have  devised  the  follow  bod  to 

satisfy  the  conditions  -it"  the  case.     The  a]  i 

IS  slnnvii  in  Hjj  -I'J. 
It,  -uiisist.-i  essentially  (I)  of  an  apparatus  foi    the  continuous 
generation  and  purification  «»f  hydrogen,  by  the  action  of  dilute 
sulphuric  acid  on  zinc;  (2)  a  200  c.c  wide-moutl 
with  three  burettes  with  glass  taps,  inlet  and  outlet  tubes 
ourrent  of  hydrogen,  and  an  outlet  tube  for  the  titrated  liquid  ; 
(3)  Winchester  steel  bottles  of  hyposulphite,  indi 
and  water  (sample),  communicating  with  then 
by  glass*  syphons.     The  hydrogen  generated  in  A 
two  wash-V»'(tl.  ,  ng  caustic   pots    i  gfc   two 

Emmerling's  tubes  filled  with  gl  ed  with  an 

alkaline  solution  of   potassie  pyrogallate,  an   arrangement    being 
made  whereby  tin-  be  i  i  toistened  with  h 

from  the  bottles  beneath,  the  liquid  being  foi 

i  s.      run-   hydrogen   is  supplied   continuously  (1 )   to   the 
stock  bottle  of  hyposulphite,  (2)  to  the  hyposulphite  buret! 
I  it  iti.-n  bottle. 

Preparation  of  the  Reag-enU. — Tli  required 

Hyposulphite  solution. 
hidigo-cannini 
Btaadaxd  aerated  distill 

The  Hyposulphite  solution  is   prep  i  25  Bn.  of 

eodic  bisulphite  in  250  cc.  of  water,  ing  »  cur 

!i  the  solution  until  aaturatii 
I  into  n  stoppered  bottle  of  <d)o 
50  gm.  (>f  sine  dust,  the  bottle  ii  almost  filled  up  wit! 
the  mixture  well  shaken  for  live  minutes,  after  wh 


*  IndtB-rublwr  tubing  must  not  b«  uaed  for  the  conveyance  of  the  hjTromlntiiia 
solution  (or  the  water  under  uamltuJ  ■  -ipidly  (ItiTini 

through  the  india-rubber  and  affects  the  t trenfrth  of  thu  solution. 
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•  ill  a   running  tap  to   cooL      Tin-  mixture  is  again 
!  after  a  quarter  of  an  hour  and  left  to  deposit  the  exc 

[ aid  is  [i-i'irvl  off  from  tin1  sediment  Into  i 

Winchester  quart  bottle  half    full  of   irate.      Mill;  of   lime  la 

alution  made  up  to  fill  tin.-  Ixittlo  i 
ompletely.     The  mixture  Lb  now  thoroughly  shaken  and  allowed 
stand  (best  overnight)  until  cli  a. 

The  solution  thus  obtained  i>  much  too  strong  for  use,     200  cc. 

this  may  be  poured  into  b  Winchester  quart  bottle  of  water 

bottle  filled  with  air)  and  wall  shaken  with  ai  little 

iir  .1  The  approximate  strength  of  tins  dilute  Bolution 

be  found  by  titrating  good  tip  water  in  the  a] 

ibod     The  strength  should  be  such  that  100  cc  of 

[uire  about  B  cc  "f  hyposulphite,  and  the  solution  should 

made  up  ktely  to  this  value.     It  slowly  loses  strength 

on  keeping,  even  in  hydrogen,  and  its  value  should  I  lined 

a  sd. 

The  indiao-carmine  solution  is  prepared  by  shaking  up  200  gin. 

•  if    indigo-carmine  in  n  Winchester  quart   bottle   "f    water,  and 

blue  solution,  which  must  be  diluted  to  such  a  strength 

tire  about  -r>  cc  of  the  above  hyposulphite  solution 

for  decoloration. 

Standard  Aerated  DUtiUed  "Water.—  Twt  i  Whicboster  qUOlt  bottles 

hall  filled  with  freshly  distilled  water  ore  vigorously  ngitatod  fnr 

five  minutes,  and  the  ,iir  renev,  times  by  Blhngupone 

Ik. ale  with  the  contents  of  the  other,  and  again  dividing  into  two 

rhich  are  repeatedly  shaken  with  fresh  ;iir.     Finally,  one 

bottle  being  filled,  ti>  if  the  water  is  taken,  and  also 

rometric  |  fter  which  the  bottle  [sallowed  to  stand 

i   hour,  t>«  yet  rid  of  minute  air-bubbles.     The 

following  table,  due  >■  and  Lunt,  gives  the  volume  ««f 

itaiiK'd  in   thin  standard   aerated  water,  results 

I. at  Buns  its,  previously  used,  irate. 
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Oxy-ren  Dissolved  by  Distilled  Water.     5— 30°  C. 


Temp. 
C. 

cc.  Oxygen 

N.T.P. 
per  litw  Aq, 

Diff.Eor 
0*5°  C. 

Temp. 
C. 

O.C.  OlJNB 

per  liter  Aq. 

Biff,  for 
0*6*  C. 

60° 

868 

18*0° 

6*54 

0D7 

5-5 

8-58 

o-io 

18*5 

6*47 

0-07 

60 

8-49 

009 

19*0 

6-40 

0*06      ( 

6*6 

8-40 

0*09 

195 

6*34 

0*06 

70 

8*31 

009 

200 

6*28 

0*06 

7-6 

822 

009 

20*5 

6*22 

0-06 

80 

8*13 

0*09 

210 

616 

0-06 

85 

804 

009 

21*5 

610 

0*06 

90 

795 

009 

22*0 

6*04 

0*05 

95 

7-86 

009 

225 

6*99 

0*06 

10*0 

7-77 

009 

230 

5*94 

005 

105 

7'68 

008 

23*5 

589 

0-05 

110 

760 

008 

240 

5*84 

0*04 

11*5 

7*52 

0*08 

245 

580 

004 

120 

7-44 

008 

250 

5*76 

0*04 

126 

736 

008 

25*5 

5*72 

0*04       ( 

13-0 

728 

0*08 

260 

6-68 

0*04 

13-5 

7-20 

0*08 

26-5 

5-64 

0*04 

140 

7-12 

008 

27*0 

560 

003 

145 

704 

008 

27*6 

5*57 

0*03 

150 

6-9(5 

008 

280 

5*54 

0-03 

15-5 

6-89 

0*07 

28*5 

5*61 

0*03 

160 

6-82 

0*07 

29-0 

548 

0*03 

165 

675 

0*07 

29*5 

5*45 

0*02 

17-0 

G-68 

007 

30*0 

5*43 

175 

661 

0*07 

In  this  table  the  results  are  calculated  for  aeration  at  an  observed 
barometric  pressure  of  760  mm.  When  the  observed  pressure  is  below 
760  mm.  ^th  the  value  must  be  subtracted  for  every  10  mm.  diff.  "Hie 
same  value  must  be  added  when  the  pressure  is  above  760  mm. 

The  Estimation :  The  burettes  having  been  filled,  and  a  preliminary  trial 
made — 

(1)  20  c.c.  of  the  water  is  introduced  into  the  small  bottle  and  about  3  c.c. 
of  indigo  solution  added. 

(2)  A  moderate  current  of  hydrogen  is  passed  through  the  blue  liquid  by 
a  very  fine  jet  for  three  minutes  to  free  both  water  and  supernatant  gas  from 
freo  hydrogen. 

(3)  Hyposulphite  is  now  carefully  added,  during  the  flow  of  hydrogen, 
until  the  change  from  blue  to  yellow  occurs,  taking  care  not  to  overstep  this 
poiut. 

(4)  A  further  measured  quantity  of  hyposulphite  is  now  added  (say  10  c.c.) 
sufficient  to  combine  with  all  the  dissolved  oxygen  in  the  volume  of  water 
(50 — 100  c.c.)  proposed  to  be  used  in  the  estimation. 

(5)  The  important  point  is,  that  the  water  is  now  quickly  run  in  from  a 
burette  by  a  capillary  tube  passing  beneath  the  surface  of  the  liquid  to  the 
bottom  of  the  vessel.  The  water  is  thus  introduced  into  a  liquid  which  will 
at  once  fix  the  freo  oxygen  and  thus  prevent  its  diffusion  on  coming  in 
contact  with  the  hydrogen,  the  reduced  indigo  acting  as  an  indicator  for  the 
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■  hi! i on  of  the  hyposulphite,     T1»e  liquid  ie  ke|>i 
during  the  addition  of  the  water,  trhioh  u  shut  off  the  moment  a 
li  i|'iK--irs. 
decolorised  by  a.  further  sli  tUphite, 

the  total  hyposulphite,  arfntu  ddltfon, 

md  the  estimation  repeated  foroonfl 

ad  additSan 

■  -f  hyposulphite  m.i\  be  omitted,  th i&digD-cannine  being 

sufficient  to  take  up  all  tin1  dissolved  oxygen.     In  this  oa 

that  the  i  ;   should  require  not  mote 

tliiio  half   the  hyposulpli  I  idded  to  decolorise  the  indigo- 

ine. 

Standardizing-    the   Hyposulphite. — 111     Older     t«>     Complete     tin.' 

ttirnution  it  is  necessary  to  know  thi  Iphitc 

ilittion  employed,  and  for  this  purpose  the  bottle  of  standard 

distilled   wat*  i  tU'il.      This  method   Iui.m   tli.-  prut 

that  it  is  n  titration  carried  out  imder  almost  the  aame 

ns  a-,  tin-  examination  of  tin-  simple.    Tin-  result  of    u 

lined  bj  the  following  formula — 


if  X 


I )  per  lit'-r  of 


•  '  and  ff=the  volumes  <>f  distilled  wafeej   and  sample  re- 
1  A.--t,!n'  hyposulphite  required  for  the 

lstilled  watei  and  sample  respectively,  and  <w  the  '."I t' 

dved  oxygen  contained  in  one  liter  of  the  standard  water. 

Standardising  the   India*.  — "When    03106    thfi    hyposulphite    hms 

dixed  by  distilled  water,  the  rathar  trouble- 
cration  may  bo  avoided  by  finding  the  oxygen-value  of  the 
irmiiie  solution.     This  solution  remaining  constant  mi  ; 
dardizing  of  the  hyposulphite, 
nary  total  tityof  indigo  solution, 

diluted  with  water  it"  necessary,  free  it  from  all  dissolved  oxygen 
.  «  arrant  of  pure  hydrogen  continued  fur  five  minutes,  than 
with  hyposulphite,  the  value  of  which  has  bean 
I  by  using  aerated  distilled  water. 
The  how  that  Schutxentx  rgci '«  method  of  il  mdard- 

i    depending  on   the  decoloruation   of   ammoniacal  i    | 
nilpfa  results. 

itl>  disturb  the  process,     Bicarbonatos 
ii"  effect.     { '                when  utli                       than  oxyj 
li  decompose  hypfjsuJpliite,  nru  present,  tb v   of    tin- 
is  disturbed.     The  Authors  have  applied  the 
t<>    niters  i  *f  very  varied  character,  and  containing  widelj 
I   oxygen,  and  show   that  the  method  i 

iviili  the  actual  volume  of  oxygen 
■>  fouling  hi  vacuo. 
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The  delicacy  of  the  reaction  is  such  that  one  part  of  oxygen  in 
two  million  parts  of  water  is  easily  detected. 

The  following  numbers  were  obtained  from  five  different  samples 
of  London  tap-water  collected  on  five  different  days. 


<D 

(2) 

(3) 

(4) 

(3) 

Nitrogen  

Carbonic  acid  

CO. 

1322 
615 
7*98 

CO. 

13-95 
5*91 
9*29 

C.O. 

18*38 
6*88 
6*70 

CO. 

13-48 
6-31 
7-35 

e.0, 

1349 

6*80 

8*11 

26*35 

29-15 

26*44 

27*09 

27*40 

Oxygen    by    the    new 

volumetric  method... 

Gas  obtained    

5*62 
6*16 

613 

6*91 

5-64 
6-38 

6*41 
681 

6*24 

6-80 

0*37 

0*22 

0-26 

0*10 

0*44 

Mean  difference  0*28  c.c.  oxygen  per  liter  of  water. 

The  oxygen  values  obtained  by  the  two  methods  show  close 
agreement,  considering  the  possible  experimental  error  in  so  complex 
a  comparison. 


Zodometrlo    Method. 

A  simpler  method  than  the  foregoing  lias  been  proposed  by 
Thresh  (J*  C,  S.  lvii.  185)  which  by  comparison  with  Roscoe 
and  Lunt's  method  appears  to  give  satisfactory  results  when 
aerated  distilled  water  was  under  titration,  the  differences  occurring 
only  in  the  second  decimal  place.  The  author  was  led  to 
investigate  the  method  by  observing  the  large  amount  of  iodine 
which  a  very  minute  quantity  of  a  nitrite  caused  to  be  liberated, 
when  potassic  iodide  and  dilute  sulphuric  acid  were  added  to  water 
containing  it.  The  amount  of  iodine  liberated  varies  with  the 
length  of  exposure  to  air.  If  air  is  excluded  no  increase  of  free 
iodine,  occurs  after  the  first  few  minutes,  and  if  the  water  is 
previously  boiled  and  cooled  in  an  air-free  space  still  less  iodine  is 
liberated.  In  this  latter  case  the  action  is  represented  by  the 
equation — ■ 

2HI  +  2HX02  =  I2  +  2H20  +  2X0. 

"When  oxygen  has  access  to  the  solution,  the  nitric  oxide  acts  as 
a  carrier,  and  more  hydrogen  iodide  is  decomposed,  the  nitric  oxide 
apparently  remaining  unaffected,  and  capable  of  causing  the 
decomposition  of  an  unlimited  quantity  of  the  iodide. 


OXY<    ! 

tctiou   is   the   "ii"    utilised   in   the  process   devised    by 
Thresh  for  estimating  the  oxygen  dissolved  in  water.     As  16 
by  weight  »-f  oxygen  will  liberate  254    arte  of  iodine,  thus — 

i'iii  +  it    H*0+l* 

mil  u  the  latter  dement  admits  oi  being  seem  mated, 

i    should     be    capable    of    very    pi 
ii.     Practically  Bach  is  the  ease  \  the  unvgau  dissolved 
drinking  waters  admits  of  being  I  now  rapidly  and 

ith  precision.     It  ie  only  necessary  :<>  add  t«>  a  known  volume  of 
the  water  i  known  quantity  of  Bodic  nitrite,  together  with 
of  poteasta  iodide  and  acid,  avoiding  n  unlaw  ox  air,  and  then  to 
detevsaine  rolumatrioally  the  araotmt  of  iodine  ttbarmted.     After 
[educting  the  proportion  doe  to  the  nitrite  used,  the  renuunder 
cygen  which  was  dissolved  in  the  water  and  in  the 
volumetric  solution 
Tin-  following  arc  the  reagents  required: — 

(1  j    Solution  "f  eocUe  nitrite  und  not  task  iodide  ; — 

Sodic  nitrite    0*5^iu. 

Pol    -•!-   iodide    20*0  -jm. 

Distilled  watei  ....     100  c.c 

* 
(2)     Dilute  sulphuric  acid  : 

Pure  sulphuric  acid     1  purt. 

Distilled  water    

i.3)     A  clear  fresh  i  starch. 

4)     A  volumetric  solution  <►!  aodic  thi  : — 

Pure  crystals  of  thiosulphflte,  7*75  gin. 

1  fatilled  wafc  r  to  1  lit 

1  t  ads  to  0"2B  milligram  <»f  oxygen. 

required  is  very  simple,  and  can  readily  be  fitted 
ip.     It  consists  of  a  wide-mouthed  white  glass  bottle  (A,  tig.  43) 
about  500  <■  i  closed  with  a  oooutchouo  stopper  having 

tious.     Tlirougli  one  passes  the  tube  B,  drawn  nut  at 
lower  extremity  t<>  a  rather  fine  point,  and  wnneeted  at  the 
ipjK»r  end,  b  "f  a  few  inches  of  rubber  tubing,  with  the 

untaining  the  thiusulpkate.  Through  another  opening 
tees  the  nossle  of  a  separatory  tube  D,  having  a  stopper  and 
■[M'<M-k.     The  ■  i  i    this  tulw  when  full  to  the  stopper 

lately  determined.     Through  the  third  opening  p 

i  l«  supply.     Thi 

i<l  bo 
ienl  length  <>f  rubber  tubing  to  snabls  the 
I  its  end  i"  be  placed  in  the  ueck  "f  the  tubs  D  when  the 
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stopper  is  removed.     A  small  piece  of  glass  tube  projects  through 
the  cork,  to  allow  of  the  escaping  gas  being  ignited. 

The  apparatus  is  used  in  the  following  manner : — The  bottle  A 
being  cleaned  and  dry,  the  perforated  bung  is  inserted,  the  burette 
charged,  and  the  tube  B  fixed  in  its  place.  E  is  connected  with 
the  gas  supply.  The  tube  D  is  filled  to  the  level  of  the  stopper 
with  the  water  to  be  examined,  1  c.c  of  the  solution  of  sodic 
nitrite  and  potassic  iodide  added  from  a  1  c.c  pipette,  then  1  cc 
of  the  dilute  acid,  and  the  stopper  instantly  fixed  in  its  place, 
displacing  a  little  of  the  water,  and  including  no  air.  If  the 
.pipette  be  held  in  a  vertical  position  with  its  tip  just  under  the 
surface  of  the  water,  both  the  saline  solution  and  the  acid,  being 
much  denser  than  the  water,  flow  in  a  sharply  defined  column  to 
the  lower  part  of  the  tube,  so  that  an  infinitesimally  small  quantity 


(if  any)  is  lost  in  the  water  which  overflows  when  the  stopper  is 
inserted.  The  tube  is  next  turned  upside  down  for  a  few  seconds 
for  uniform  admixture  to  take  place,  and  then  the  nozzle  is  pushed 
through  the  bung  of  the  bottle,  and  the  whole  allowed  to  remain 
at  rest  for  15  minutes,  to  enable  the  reaction  to  become  complete. 
A  rapid  current  of  coal  gas  is  now  passed  through  the  bottle  A, 
until  all  the  air  is  displaced  and  the  gas  burns  at  G  with  a  full 
luminous  flame ;  the  flame  is  now  extinguished,  the  stopper  of  D 
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toved,  and  rted     '  ta  taming  the 

•k,  tli"  water  flew  into  the  bottle  A.     The  stopcock  ia  tti 
?,  the  oark  <;   removed,  and  the  supply    !  feted 

una]]  Home  only  ia  produced  when  thi  I   *;. 

ow  run  in  slowly  until  the  colour  of  thi 
irly  a  A  little  solul  ia  then  poured  into 

nrul  about  1  i  .«■■  allowed  t<-  flow  into  the  bottle  by  turning  the 
i        titration   with    thiosulphate   is  then   completed, 
the  discharge  «»f  tin-  hhi  una  faintly  in 

the  i  due  to  the  oxygen  dissolved  in  tin.* 

>n  :  aftei  ibout  two  minute*,  from  I 

0*1    O.G.   of   utlovulphate  w  to  effect   'li'1  Anal 

i     unount  of  volumetric  soli  m  be 

will  represent  a,  tlie  oxygen  dissolved   in  the  i 
anined)  +  &,  the  nitrite  in  the  1  c.c    ol  tdratioo  used,  and  tli«' 

ilution  i  ' ,  a  portion  ol  thi 
solution.     To  find   the  value  of  «,  it,  is 
ibvio  mdrmu  attained.     This  can  he  effected  in 

md   once  known   iroes  not  require  re-iletenuination 
•  Uifl  conditions  are  changed. 

alw  of  b.     Probably  the  beel  plan  b  to  oompleU 

i  determination  aa  above  described,  and  then,  by  means  <>f  the 
stoppered   tube,  introduce  into  the   bottle  in   surr<^si..n   f>  <•.<•.  .if 

ti  solution.    After  standing 
"  minutes,  titrates     One-fifth  o£  the  thiosulphate  used  will  be 

To  Find  the   Valui    qf  c  -  This  correction   is  m  comparatively 
ml)  on  unite  of  determination  with  sufficient  axcuracj  a 

i  that  tin  ihate  solution  normally  contain  as 

inch  dissolved   oxygen   as  distilled  water  saturated   at   tin      tun 
Complel  tion  as  above  deacribed,  tin  q 

tli"  stoppered  tube,  and  insert  a  tube  similar  t<>  that 
!  t<>  the  burette,  and  drop  in  from  il  10  oj  20  <■.<•.  of 
1  distilled  win  i  aa  the  thiosulphatc  ia  dropped  in. 

low  to  stand  ii  few  minutes  and  titrate.     One-tenth  or  one- 
Lb    of    the    volumetric    solution    used,   according    to    the 
ember  <>f  ac.  of  water  added,  will  represent  the         ction  f<>r  each 
..-.  .if  \  \\  this  value  d, 

tmber  of  cc,  "t  thiosulphate  used  in  an  actual 

mple  «-f  water  ; 

Lpacity  in  cc,  of  the  tube  employed— 2  cc,  the  votnsna 

Ided  ; 

;en  in  milligrams  dissolved  in  1  literal 

the  wntei 

1000.       ,        „ 
,j=  — _(»•  -  ft -art). 
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With  a  tulxi  made  to  hold  exactly  260  c,c,  the  most  convenient 

quantity  to  use,  — — -  Incomes  unity,  and 
V 

(j  —  e-b-ed. 

In  the  author's  experiments  two  nitrite  solutions  were  used ; 
in  the  first  ft  =  2*1  c.c,  in  the  second  3*1  cc.  A  number  of 
determinations  of  d  were  made,  at  temperatures  varying  from 
40°  to  60*  F.  The  value  of  d  was  found  to  vary  between  0*03 
and  0*0315.  In  all  the  author's  recent  experiments  d  was  token 
as  0*031. 

When  e  =  3  cc.  the  reaction  seems  to  be  complete  in  five 
minutes,  but,  to  be  on  the  safe  side,  it  is  better  to  fix  the  minimum 
at  fifteen  minutes. 

The  use  of  coal-gas  is  recommended  by  the  author  without 
passing  it  over  alkaline  pyrogallol  or  otherwise  treating  it  before 
allowing  it  to  pass  through  the  apparatus. 

The  results  obtained,  however,  can  bo  made  to  vary,  the  extreme 
limit  being  less  than  0*5  milligram  of  oxygen  per  liter  of  water, 
using  250  c.c.  for  the  estimation.  To  quote  an  extreme  case.  In 
one  experiment  (1),  after  the  air  had  been  wholly  expelled  from 
the  bottle  A,  no  more  gas  was  passed  through,  and  the  titration 
was  effected  in  the  closed  apparatus,  the  volumetric  solution  being 
run  hi  as  rapidly  as  possible.  The  end  reaction  was  not  well 
defined.  In  the  second  experiment  (2),  the  volumetric  solution 
was  run  in  very  slowly  drop  by  drop,  and  a  brisk  current  of  gas 
was  kept  passing  through  the  apparatus.  End-reaction  well 
defined. 


Volume  of  water. 

Thiosulpbate. 

Oxygen  per  liter. 

(1) .. 

322  ex. 

15*35  c.c. 

9*14  milligrams. 

(2)  .. 

322 

14-9      „ 

8-80         „ 

The  difference  is  probably  due  to  nearly  all  the  oxygen  dissolved 
in  thiosulphate  being  used  up  in  the  first  case,  and  being  lost  by 
diffusion  in  the  second. 

In  the  examination  of  waters  from  various  sources,  and  making 
the  experiments  in  pairs,  using  tubes  of  different  sizes,  the  author 
found  that  exceedingly  concordant  results  could  easily  l>e 
obtained. 

In  estimating  the  oxygen  in  distilled  water  saturated  with  air, 
the  author  found  that  the  results  at  25°  and  30°  C.  were  higher 
than  those  obtained  by  Koscoe  and  Lunt,  whilst  at  the  lower 
temperatures  they  were  almost  identical,  and  it  occurred  to  him  that 
the  difference  was  probably  due  to  the  mode  of  saturation.  The 
agitation  in  a  couple  of  Winchesters  was  done  as  directed  by 
them,  but  the  water  used  had  been  previously  saturated  at  the 
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slightly  raper-saturated. 
furth  "f   experiments  were  then   made  with  freshly- 

!    with  air   until    it   had 
nined  the  desired  Unnpeataro.     The  results  proved  thai 

1.       PlODftbly  ftOEQC  BUoh  explanation  OCCOUntG  loi 

nuif'Tiiilv  big]  i  obtained  bj  Dittmar. 

5"a  doubt  there  will  be  exceptional  eases  in  which  tli' 

in  which  some  modification  may  be 
quired.     A  water  containing  nitrite-*  will  require  the  amount  of 
nitrons  aeid   bo   l-1  determined   if   the   i  curacy  is 

[Hired     (A  water  containing  1  pari  of  HKO1  in  1,000,000,  wiH 
rafts  f  017  milligram  of  oxygen  per  liter,  94 
acid  corresponding  to  1G  of  oxygen).     Where  i  i1 
•ut  in   euffldent  quantity    to   interfere,  the  amount    may  Km 
iv  "f   the   ordinary   processes,  but   the   author 
following  moth  oil : — 

To  250  •  .•'.  of   the  water  bo  i xamined,  rendered    faintly 

alkaline  if  not  .  add  .i  few  drops  of  strong  solution  of 

iodide,   iinil   boil   vigorously   for  a   few   minutes.      Then 
tin?   liottle   A   used   in  the  oxygen  determination,  and 
m  u>  get  quite  oold  in  a  slow  current  >-f  ooal  pas*    Then  add 
of  dilute  sulphuric  acid  and  solution  of  starch,  and 
bate  with  the  thiosulphate.     Th<*  correction  t<>  be  made  in  the 

.   is   thus  Ascertained.     One   or  two  ea 
lental  results  tun}  be  quoted. 


1... 

•J 

Quantity 
of  water. 

Tbiofoh.lmt.- 
uied. 

Oasts  lea 

MilUjranw  of 

oaraaijMrlttie, 

232-5 

J  m  b 

132 

15  tO 

IS  6 

9-7 
9*65 

048 

10*43 

fo-7 

1019 

Tfcp  water  4-  6  milli- 

mdii    ii>     i 
Tap  water  4-  lOmilli- 
oodia  nitrite 

In  number  2,  the  thiosulphate  used  b}  250  ■•.»■.  of  the  boiled 

waten  w  i 
[a  number  S,  the  thioaulpltate         I  "'  of  the  t 


The  isfactury,    even     with    such     large 

is  far  larjjri   than  urn   likelj  to  be 
■ 
lo  not  interfere,  even  win  n  pre*  nl  in  largo  quant 
.  when  present  to  1  al  of  1   por  cent,  has 
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The    following    is  an    example   of    the    method    at  ordinary 
temj>erature : — 

Temperature   15°    C. 


1... 

2... 
3... 
4... 

Quantity  of 
water  taken. 

Thioaulphate 
used. 

,  —  h  —  U. 

Milligrams  of 
Oxygen  per  liter. 

Difference  | 
from  mean. 

8220 
3220 
232*5 
232*5 

15*45 
15-55 
11-90 
11-70 

1287 
12*97 

9-43 

9*23 

Mean... 

999 
10-07 
1014 

9-92 

.— 0*04 
+0*04 
+0-11 

—o-ii 

1 

1 

1003 

Barometer  reading  30  in 
10-03  milligTams=7-02  c.c.  at  N.P.T. 


Roscooand  Lunt  found  6-96 


Difference  +  0*06. 


HYDROGEN    PEROXIDE. 
H202  =  34. 

This  substance  is  now  largely  used  in  commerce,  and  is  sold 
as  containing  5,  10,  or  20  volumes  of  oxygen  in  solution.  This 
should  mean  that  the  specified  number  of  volumes  can  be  obtained 
from  the  solution  itself,  but  preparations  are  sent  into  the  market 
under  false  pretences.  A  so-called  10  volume  solution  gives,  it  is 
true,  10  volumes  of  0  when  decomposed  gasometrically  with 
permanganate,  but  5  volumes  of  the  O  comes  from  the  per- 
manganate itself,  and  therefore  such  a  solution  is  really  only  5 
volume.  A  true  10  volume  solution  should  yield  from  itself  when 
fully  decomposed,  ten  times  its  volume  of  0,  and  contain  by  weight 
3*04  per  cent,  of  H202  or  1*43  j>er  cent  by  weight  of  O. 

Kingzett  (J.  C.  S.  1880,  792)  has  clearly  shown  that  the  best 
and  most  rapid  estimation  of  the  hydrogen  peroxide,  contained  in 
any  given  solution  of  it,  is  made  by  iodine  and  thiosulphate  in  the 
presence  of  a  tolerably  large  excess  of  sulphuric  acid,  the  reaction 
being — 

2HI-i-H202=2H20  +  I2. 

The  function  performed  by  the  sulphuric  acid  is  difficult  of  ex- 
planation, but  the  want  of  uniformity  in  the  reaction  experienced  by 
many  operators  no  doubt  has  arisen  from  the  use  of  insufficient  acid. 

Kingzett's  method  consists  in  mixing  10  c.c.  of  the  peroxide 
solution  to  be  examined  with  about  30  c.c.  of  dilute  sulphuric 
acid  (1  :  2)  in  a  beaker,  adding  crystals  of  potassic  iodide  in 
sufficient  quantity,  and  after  standing  five  minutes  titrating  the 
liberated  iodine  with  -^  thiosulphate  and  starch.  The  peroxide 
solution  should  not  exceed  the  strength  of  2  volumes ;  if  stronger, 
it  must  be  diluted  pi-oportionately  before  the  analysis. 
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'•\  i  very  wmk  solution  it  will  b  li   to  titrate 

ith  j^fiy  thioeulpl 

|  thiosidphata    0-0017  gm.  H*Oa  or  0*0016  gin.  0. 

Tic  estimation  <>f  this  substance  ma\  aba  be  readily  made  in  the 
"f  organic  ot  other  redu<  Ing  '         idard  pei 

ence  of  bee  sulphuric  and,  the  peznumgaBate 
ddcd  until  a  faint  rose  colour  occurs:  the  reaction  u 


2KMn04+5HW+3H^O*=K^O*+2MiuSO*+8H^+60s. 

section  may  be  used  for  the  airing 

evolved    in   b   suitable   apparatus,    soon   as   the 

penter  ami  Nieholeon  (AuaJttsf,  ix.  36)  roporl 

'i  the  analysis  ol  hydrogen  peroxide,  both  by  the 
Line  and  permanganate  methods, 

Thu  conclusion  they  arrive  .it.  is,  that  the  procees  ol  Kingzett 
Lands  somewhat  tedious,  owing  to  alow 
oompoaition  towards  the  end.  Kingzett  however  states  that  if 
vohima  of  strong  sulphuric  acid  equal  to  the  peroxide  taken  be  used, 
»«1  espe<  iallj  if  the  dilub  jhtly  warmed,  the  tea 

:n  a  few  minutes,  and  this  is  my  own  experi 
belt?**,   for  technical    purposes,   very   good   ceanlta   ms 
obtained,  either  by  natural  or  artificial  light,  with  simple 
.  of  the  dilute  acidified  solution  by  £>  permanganate. 


PHOSPHORIC    ACID    AND    PHOSPHATES. 

P-O-.  11_>. 

§69.     Tm  tion  of   phosphoric  acid  rolnmetrically  nay 

with  more  -a  ]■  ss  acouracy  by  i  variety  "f  pr  among 

'lii'-li  may  b    mentioned  that  of   Mohr  as  lead  phosphate,  the 
Iver  phosphate  (the  excess  of  silver  being  found 
thiocyanate),    by    standard    uranium    nitrate   or  acetate,    by 
*oxn  her  ton's  or  Schindler'a  method  as  phoapho-molybdal 
ten  existing  o\  Icic  phosphate,  by  standard  alknli, 

i  ikI.i  t>r  Rmmerliug.      Furthi 

if  Stolhah  tion  as  amnion io-iiiftgn 

hi  the  titration  * >f  this  salt  when  obtained  pure  by  standard  acid. 
■  mainly  useful  in  th  raw 

::<uii  which  ma  ired,  and  for  l,Ji »-'  in 

When,  however,  phosphorus  lias  to  be  estimated 

hi    with    metals  or  metallic   minerals,   it   is 
mbtfnl  wi  letrie  motliod  can  he  relied  upon.     My 

i  <•  >>  ill  uot  allow  the  recommendation  of  any  such  method, 
mentioned,  that  is  i,»  say,  when  in  combini 

I  moderate  quantities  of 
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iron  or  alumina,  phosphoric  acid  may  be  estimated  volumetrically 
with  very  fair  accuracy,  and  with  much  greater  rapidity  than  by 
gravimetric  means  as  usually  carried  out.  This  remark,  however, 
can  only  be  applied  to  uranium  or  molybdenum  methods,  and  the 
alkalimetric  method  of  Stolba;  therefore  only  these  will  be 
described. 


1.     Separation  of  the  Phosphoric  Acid  previous  to  Titration. 

Natural  phosphates  used  for  the  manufacture  of  manures  differ 
materially  in  their  composition,  and  must  be  treated  differently  in 
their  analysis.  Many  of  the  rock  phosphates  contain  silica  in  large 
quantity,  and  of  such  a  nature  that  hydrochloric  acid  readily 
dissolves  a  portion  of  the  silica.  This  must  be  separated  by 
evaporating  the  acid  solution  to  dryness,  heating  to  150°  or  so,  and 
redissolving  the  phosphate  in  dilute  HC1  or  HNO3,  and  filtering  off 
the  gelatinous  SiO2.  If  this  is  not  done,  sul>sequent  precipitation 
either  by  molybdenum  or  magnesia  will  bo  rendered  inaccurate 
from  the  presence  of  SiO2. 

In  the  case  of  separation  by  molybdenum,  organic  matter  must  be 
previously  destroyed  by  calcination.  Chlorides,  if  present,  should 
also  be  removed  by  repeated  evaporation  with  HNO3,  inasmuch  as 
the  phospho-molybdate  is  sensibly  soluble  in  free  HC1,  or  in 
alkaline  or  ferric  clilorides  in  the  presence  of  nitric  acid.  Free 
sulphuric  acid  also  retards  the  formation  of  the  precipitate,  but  neutral 
sulphates  are  of  no  consequence.  Nitric  acid,  therefore,  must  be 
the  final  solvent  in  all  cases  where  this  method  of  separation  is  used. 
Fluorides  are  of  no  consequence,  as  they  are  not  decomposed  by 
this  acid. 

In  the  case  of  separation  direct  by  magnesia,  hydrochloric  acid 
is  the  usual  solvent ;  but  soluble  silica  must  always  be  removed  by 
evaporation  previous  to  precipitation,  especially  for  the  gravimetric 
method. 

Many  natural  guanos  contain  oidy  mere  traces  of  SiO2,  also 
some  mineral  phosphates  like  the  Belgian  phosphatic  sands.  Bones 
and  similar  organic  phosphates  are  in  like  manner  almost  entirely 
free  from  it,  and  the  same  is  the  case  with  many  superphosphates. 

These  substances  may  therefore,  although  contaminated  with 
iron  and  alumina,  be  directly  treated  with  magnesic  citrate  as 
described  further  on. 

It  will  be  evident  to  most  operators  of  any  experience,  that  if  the 
uranium  method  is  capable  of  accurate  volumetric  results  by  special 
precautions,  the  complete  purity  of  the  precipitate  either  in  the  case 
of  magnesia  or  molybdenum  is  not  a  matter  of  great  imjwrtance. 
This  is  true  to  some  extent,  but  it  is  always  advisable  to  have  the 
P*0*  in  as  clean  a  form  as  jwssible,  and  especially  is  this  necessary 
in  the  citro-uraiuc  method,  since  the  smallest  trace  of  citric  acid 
interferes  seriously  with  the  colour  reaction. 
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■\y  the  maf 
method  od  direct  by  weight,  end  with  th< 

results  compared  with  the  molybdic  m  epata- 

mperphosphates  where  iron  m   alumina  is  pre* 

<  MB  r.tv,-  pi  i     mini,'  these  suli*tunr<  s,  nothing 

battel  ,  cleanlinesa,  and  accuracy.     Tl 

aces  in  which  reprecipitation  is  necessary  to  purify  : 
urge  exce^se*  of  F>',  AI.  <  are  comparatively  i 

tad  even  then  Ian  trouble  \a  involved  than  by  BmJvMentrm,  unless 
d  nM-tii.nl  o  i    tli'    presence  of  n  lar^a 

of  ammonic  nitrate,  with  a  small  >    ■  utri    acid,  be 

Lopted,  a-  in  Pi- m If  i  ton's  volumetric  method.     This  is  available 
main  ad  is  much  more  cleanly  than  when  concentrated 

nil  the  precipil  e  mulybdio 

lotion  itself. 


Citro-MaBueaic    Solution.      -7    gm,    "f    DQCe    magnssic    r.irhonnte 

added  by  degrees  to  :i  solution  of  *J70  gpt  of  citric  acid  in 

of  warm  water;  when  all  effervescence  is  over  and  the 

[tiid  cool,  about  400  c-c  of    solution  of   ammonia  are  added, 

i!       bout  0*96  sp,  grA  or  if  other 

brengtb    ia    used,    enough    to   ensure   decided    excess   of    Nil-: 

be  wh  i  ii  diluted  to  a  liter,  and   preserved  in  a  well- 

tppered  bottle.     -0  c-c.  of   this  solution  hi  auflBoiant  to  insure 

ecipitation  of  0*1  gm,  of   l'1'*'  in  the  prcaoacc  of  a  large 

■f  NR*,  unless  acoompauied  quantities  of  Fo 

li  may  l»e  known  by  an  immediate  precipitate  being 

tng  iiiix^'l  with  the  phosphate  solution  and  urns 

this  ease  a  fresh  portion  of  the  phosphate  must  1m-  token,  and 

or  40  i-.c.  of  the  bion  used. 

tation   by  weight,  it  is  not  advisable   to   bake   mora 
olution  than  corresponds  to  0*1  gm.  I''< '  ,  using  30  or 
on,  and  a  considerable  excess  of  10  pax 
■nt,  ammonia 

|iur*.»oM's   th«*  same  <iuantitiea   may  be   taken, 

he  precipitation  is  much  hastened  by  cooling  the  liquid  to  1 

90    '  ring.     This,  however,  causes  a 

it  on  th"  aides  of  the  beaker  and  on  thi 

difficult   t"  remove  if   required   to  be  weighed.      But  i-f 

i  jtimated  vulumotricnUj   tin-   is  of   ti  o,  as 

in  the  same  beaker  and  with  the  same 

rod,  after  they   have  been  well   washed  with  weak  ammonia,  th*'. 

hing    being   passed    through    the    filter  containing    the    main 

jiitate  of  nmmoiiio-niagnesic  phospli  nnod  is  dense, 

nl  admits  y  waslung,  nnd  the  use  of  very  free 

I«i]mt.     It  i-  washed  with  2J  pei  eec  i  is  until  no 

i  itmto  or  mugnesia  is  pn  the  nitrate,  then  either 
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dried  for  ignition  and  weighed  as  Mg8P207,  or  dissolved  through 
the  filter  with  dilute  nitric  or  hydrochloric  acid  for  subsequent 
titration  with  uranium. 

It  is  advisable  in  all  cases  to  have  the  acids  and  ammonia  of  a 
tolerably  uniform  strength,  and  to  use  as  nearly  as  possible  the  same 
proportions  in  the  analysis.  Convenient  strengths  are  10  per  cent 
Nil3  for  rendering  the  phosphate  and  citrate  mixture  alkaline, 
also  for  neutralizing  the  free  acid  in  superphosphates,  and  2}  per 
cent,  for  washing  the  precipitate  ;  10  per  cent,  nitric  or  hydrochloric 
acid  for  dissolving  the  precipitate  for  titration.  This  is  far  better 
than  pouring  in  acids  or  alkalies  at  random. 

Molybdenum  Solution. — This  is  the  usual  solution  made  by 
dissolving  150  gin.  of  amnionic  molybdate  in  a  liter  of  water,  and 
pouring  it  into  a  liter  of  nitric  acid  sp.  gr.  1'20. 

50  c.c.  of  this  solution  suffices  amply  to  precipitate  O'l  gm.  PK)*, 
and  it  should  be  accompanied  by  a  quantity  of  amnionic  nitrate  in 
clear  solution  equal  to  about  15  per  cent  of  the  total  weight  of 
liquid.  If  heated  to  80°  or  90*  C,  the  precipitation  is  complete  in 
one  hour.  Instead  of  as  formerly  washing  the  precipitate  with  equal 
parts  of  molybdic  solution  and  water,  a  10  per-eent  solution  of 
amnionic  nitrate  is  used. 

The  precipitate  of  yellow  phospho-molybdate  is  dissolved  in  2J 
]>er  cent,  ammonia  solution  through  the  filter,  taking  care  that  every 
trace  is  removed  from  its  folds,  and  then  the  usual  magnesia  mixture 
added  "dropwise"  with  gentle  stirring  in  the  proportion  of  not  less 
than  15  c.c.  for  every  0*1  gm.  PH)5.  Two  hours  amply  suffice  for 
this  precipitate  to  separate ;  it  is  then  filtered  and  washed  with  2£ 
j>er  cent.  XH8  till  clean,  when  it  may  be  either  ignited  as  Mg^l^O7, 
or  titrated  with  uranium. 

Magnesia  Mixture. — 55  gm.  of  crystallized  magnetic  chloride 
and  70  gm.  of  ammonic  chloride  are  dissolved  to  a  liter  with 
2£  per  cent,  ammonic  hydrate.  10  c.c.  is  sufficient  to  precipitate 
0*1  gm.  P-05,  but  it  is  safer  to  use  15  c.c.  as  before  recom- 
mended. 

The  literature  connected  with  the  determination  of  phosphoric 
acid  is  very  voluminous,  and  many  competent  chemists  have  con- 
tributed thereto  in  various  scientific  journals  and  standard  works, 
which  have  been  consulted  and  freely  used  in  the  compilation  of 
this  section.* 


'  Fresenius,  Quant.  Chcm.  Analyse,  6t«  Aufl.  411. 
AbesBer,  Jani  u.  Marck  er,  Z.  o.  C.  Xii.  238. 
Schumann,  ibid.  xi.  382;  Janovsky,  ibid.  xi.  153. 
Gilbert,  ibid.  xii.  1 ;  Rumpler .  ibid.  xii.  151. 
Presenilis,  Neubauor,  and  Luck,  ibid.  ix.  16, 
Mobr,  Tifrirbuch, 4t«  Aufl.  520. 
Neubauer,  Anal,  dee  Hams,  6**  Aufl. 

Joulie,  Maniteur  Scientifique,  1872—3,  ct  Annuaire  de  la  Pharmacit,  rldige'  wir 
Br.  C.  Mehu,  1875,  4«5,  etc.,  etc.    Joulie,  Ann.  Affrtmom.  xi.  97—189. 
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2.    Precipitation  aa   Urantc  Phosphate  in   Acetic  Acid  Solution. 

This  method  i-  based  on  the  fact  that  when  uranic  acel 
ilducJ  to  ;i  neutral  solution  of  tribasic  phosphor* 
rado,   foi  kIic   orthophosphate,  the  whole   <»f   the 

.   throw]]  down  as  yellow  uranic  phosphate  lVO\ 
8hould 
acid,  [1  aeutralued  with  an  Alkali,  and  ui  alkaline  acetate 

added,  with  exec  Qticacid.     In  case  of  Doing 

whole  of  the  phosphoric  acid 
is  thrown  down  as  double  phosphate  of  uranium  and  ammm^ 
having    n    li^lit    lemon  aid    the    composition     IV<i, 

'J(Niro),  !--'<«'4  \.|.     VTben  this  precipitate  is  washed  with  hot 
1  the  ammonia  is  entirely  dissipated  leaving 

phospliatCj  which  possesses  the  formula   (JrHJ*,  P*0* 
contains  in   LOO  (  irta  80*09  umnic  oxide  and   L9a91   phosphoric 
acid     In  the  p  I   fixed  alkalies,  instead  of  ammonia,  the 

precipitate  imply  of  aranic  phosphate.     By  this  . 

h  or  in  arid   niay  he  completely  removed  from  fdl  the  alkalies 
and  alkaline  (Mirths ;  also,  with  n  Blight   modification,  from  ban; 
ly    from   alumina  when  in  any 

qnanl 

The  details  of  the  gravimetric  pro  i    fully  described  by 

'  A .  t  97     !--).  and  immediately  after  tin*  publioal 

tint  artii  le,  while  employed  in  further  investigation  »>f  the  subject, 

i  in--  volumetric  method  now  to  be  described.     Sim 

time  it  boa  oome  to  my  knowledge  that  Neubauer*  and  Pincuai 

adcpendentl",  of  each  other  and   myself  arrived  at  the 

llii-  is  not  to   Ive  wondered  at,  Lf  it  be  considered   how 

i  p  is  from  tin-  ordinary  determination  by  weight  to  that 

.   when   the  delicate  reaction   between   uranium  and 

is  known.     Moreover,  the  great   want  >»f  ;r 

nalrj  good  volumetric  process  for  p]  cid  in  place  of  those 

hitherto  used  has  I n  felt  by  all  who  nave  anything  to  do  with  it. 

rand  consequently  the  most  would   be  made  of  an*j   new  m<  bhod 
nt  i  cliiini  toaci  the  gravimetric  estimation 

of  phosphoric  ai  id  hy  uranium  undoubtedly  il 

Conditions  under  which   accuracy  may   be   Insured. — Obj< 

I,  not  without  reason,  that  this  process  is  inner  unit.'. 
rvin#  amounts  of  saline   substances  have  on  influence 
Lion  of  colour  with    t In*  indicator.!     Atrain.  that 


1 1-  -■  j 


at  «hades  of  colour  occur  with  lapse  of   time.     This 
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■rfera  to  maki*  D 

Ich    KtVIM    *    bin 

■ 
•1  motion  ii  fiu*  lesi  Sou 


roaetwn  which  onmr*  Iwt.wpt'ii  t-orhiiwal  ml 
hike,  is  the    indicator.      With   perfectly   pun 
here  tracm  of  iron,  alumina,  or  other  matter** 
a  '*i*b  the  iurrooya!' 

T 
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if   illl    T; 

requires  uniform  conditions;  but  when  the  source  "f  in 
known  difficult  toota  iate  them.    Tin  refm 

i.il  that  th  Using  of  tl  raid  be 

done  under  the  same  conditio] 

different  volume  of  uranium  will  be  required  bo  git  lour  is 

the  present  e  "f  salts  of  ammonia  t«>  that  which  would  )• 
With   salts   of  the   fixed   alkalies   or   alkaline   enrtlis.      \ln\ 
standard  solution  is  purposely  adjusted  with  ai 

me  proportion,  toe  difficulties  nil  vanish,     l 
can  Vie  easily  done,  and  as  the  chief  substani 

i   less  ammoniacal  in  their  composition,  such  as 
manures,  etc.,  ur. 

Excessive  quantities  of  alkaline  or  earthy  salt-*  modify  the 
but  especially  La  it  bo  with  acetate  or  citrate  of  ammonia.     1- 
rcason   I    have   insisted   on   the   complete   washing 
tnagnesian  precipitate,  where  that  method  of  .-<  \ 
adopted  previous  to  titration. 


3.     Estimation  of  Phosphoric   Acid  in  combination  with    aiwhm 
Bases,  or  In  presence  of  small  quantities  of  Alkaline  Earths. 

The  necessary  materials  are — 

(a)     A  standard  solution  of  Uranium.  1  e.c=0005  gim  P 

(A)     A  standard  solution  of  tribaaic  Ph  U  id. 

(r)     A  solution  of  Sodic  acetate  in  dilute  I 

dissolving   100  gnu   of  sodic  acetate   in   water,   adding  50  0 
glad*]  acetic  acid,  and  diluting  to  1  lit  ic*  ar« 

not  necessary. 

(</)     A    freshly  prepared  solution  <<f    Potasaic  fern-* 
some  tinelv  powdered  pore  crystals  of  the  same  so] 

Standard  Solution   of  "Uranium. — Tin-      solution      may 

either  of  uranic  nitrate  or  ao  i  approximate  solution  is 

obtained   by   using  about    35  gin.   of    either  .silt   v 

In  using   uranic  nitrate   it  is  imperative    that   tli 

should    he    added    in    order    !<■  avoid    the    possible 

of    free-   nitric   acid    in    the    solution.      Wii 

it  may  be  omitted  at  the   die  ■'■'   the  operator,  but  it  i* 

important  that  the  method  used   in  liaing  the  uranium  be 

invariably  adhered  to  in  the  actual  analysis.     The  solution 

l>e  perfectly  clear  and  free  from  basic  salt     Whether  made 

,  it  is  advisable  to  include  aboul  i  pun 

glacial   acetic,   or   a   corresponding   quantity   of    i  ■  i ■  1    ;.■ 

each,  liter  ->f  solution;   exposure  to  light  has  then  less  reducing 

action. 

My  own   practice   is  to  use   in  all  cases  nrtlntc   solution,  and 

dispense  entirely  with  the  addition  of  sodic  acetate. 
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4.      Titration    of   the    Uranium    Solution. 
Standard  Phosphoric  Aoid.— When    the  uranium   Solution   is  not 

mured  for  phosphate  of  lime,  it.  may  be  titrated  upon  ammonio- 

lit)  as  follows: — B*8o6  gm«  of  the 
ized,  non-effloresced  salt  (previously  powdered  aod  p* 
ttween  bfljulous  papa   to   remove  any  adhering  moisture)  axe 
sighed,  dissolved  in  water,  and  diluted  to  1  liter.     50  cc.  of  this 
itotion  will  repTeeent  01  gm,  1,:' 

bra  measured  into  »  tonall  beaker,  5  c.i.\  Sofia  acetate 
titled  if  aranic  aitnte  \i  to  be  used,  and  the  mixture  heated  to 
or  10U1  C.  The  uranium  .solution  Lsthsn  delivered  in  from  atari 
ided  iuto  vV  cc.,  until  a  test  '  ikefl  sbsfl  show  Uit  BUghl  I'redomiuauoe  of 
omnium.  Tins  u  .lone  by  spreading  a  -Imp  or  two  of  the  hot  mixture  upon 
a  clean  white  level  jdute,  and  bringing  in  contact  with  the  middle  of  the  drop 
a  small  glass  rod  moistened  with  the  freshly  mude  eolutiou  of  ferrocyanide, 
or  a  dust  of  tho  powdered  salt.  Tlie  occurrence  of  a  faint  brown  tinge  shown 
an  excess  of  uranium,  the  slightest  amount  of  which  produces  a  brown 
precipitate  of  drank  terrocynnide. 

A  second  or  third  titration  is  than  made  in  tfafi  same  way,  so  aa 
t<»  arrive   exactly  at  tin-   strength   of  the   uranium  solution,  which 
than  diluted  and   n  mtil  exjetly  20  cc.  nre  required  to 

odoofl  the  neoaai  >n  with  60  cc  of  phosphate. 

Buppoee  187  cc.  of  the  uranium  solution  have  been  required  to 
oduce  the  colour  with  50  cc  <-f  phosphate  solution,  khan  every 
•7  cc.  will  hare  t*»  !»«•  diluted  to  t!0  cc  in  order  to  ha  of  the 
>jk'r  strength,  or  0:15  to  1000.  After  dilution,  two  or  three 
di  trials  must  be  made  to  insure  accuracy. 

of  considerable  importance  that  tho  nctual  experiment  for 
imating  phosphoric  arid  by  means  of  the  uranium  solution 
lonld  •  witli  nhout  tho  same  hulk  of  fluid  that  has  bean 

■tl  in  standardizing  the  solution,  and   with  ah  nearly  as  possible 
■  I  .sodi--  acetate,  and  the  production  of 
m  flrtni''  depth  of  colour  in  testing.     Hence  the  proportions  ham 
commended  have  been  chosen,  bo  that  50  cc.  of   liquid  shall 
attain  00  gm.  !'-<>'. 

Standard  Phosphoric  Acid  corresponding  volnxne  for  volume  with 
Standard    Uranium.      Thill     BolutlOTj     is     obtained     by     dissolving 

14*715  gm,   of  n  desalt  in  a  liter,  end  is  two  and  ;i  halt" 

-ili  of  the  solution  before  described  ;  it  is  need  tor 

in  rase,  the  required    volume  of  uranium   is  ovor- 

mped  in  any  given  anal;. 

A  littL    i  the  operator  to  tell  very  quickly  the 

W.  B.  G  lies,  who  bu  had  great  esperionce  in  the  determination  of  phosphoric  acid 

i  varknta  forms,  baa  called  my  itttflutioa  to  diordric  patassic  phosphite,  KH-PO1.  as  au 

form  of  wilt  for  a  standard  solution.     The  snmplo  sent  tome  was  in  beautifully 

i  crystals  which  do  not  alter  on  exposure  to  the  air,  and   make*  a  solution  which 

clear.     Everyone  knows  how  unsatisfactory  sodic  phosphate  is,  both  as  to  its 

hydration  and  its  keeping  qualities  in  solution  ■.  the  microeosmie  salt  is  better, 

t  ■  ti  to  objection  on  the  score  of  indefinite  hydration.     If  the  potassium  salt  Is 

used,  a  standard  solution  of  the  proper  strength  is  made  by  dissolving  3*83  gm.  in  alitor 
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point;  hut  it  must  Ih1  remerulmred  tlmt  wl. 
lire  brought   together  production  -■! 

howvvi-i   fn 

*..<ii<-  i    itjM.n   tin- 

I 
i\  ;  but  thia  haa  no  cffc<  i  u]  i 
since  ih1'  original  standard  "f  the  solution    I 
experiment  conducted  in  preci 

The  Analysis  :   I  ;    unkmm. 

1/i  have  mi  approximate  knowledge  (it  tin-  amount    n 
no  to  fill  til  ;i-  ii  the  nonditi  -  to  !**. 

I1  ic.  or  ■ 
portion  may  h  ntum. 

Tli>   '  ompound  containing  the  l,:Oa  to  bo  estimated  in  d 
if  no  ammonia  lb  present,  I   e.c,  •  >!    io  per  cent  .  m  mul 

neutralized  with  V 

acetate  if  twuriti  nitrate  has  to  bo  u*ed),  and  I 

GO 0.(3.,  then  heated  to  about  90*  Con  tho  water  bath,  end  the  uranium 
rered  in  oautiouelv,  with  bequei  iwrflrrt, 

until  thfl  fumt  brown  tir 

The   flr?t  trial  will  giro  roughly  the  amount  <»f   solution    required,  and 
taking  that  as  a  guide,  the  opei  nry  tho  amount  of  liqu 

for  the    final   titration,  should 
differing  from  tho*.1  under  which  the  strength  of  the  uranium  n 
tlxed. 

Each  ex.  of  uranium  solution  =0  005  gm.  1*0*. 

5.  Estimation  of  Phosphoric  Acid  in  combination  with  Lima  and 
Magnesia  (Bones,  Bone  Ash,  Soluble  Phosphates,  and  other 
Phosphatic  Materials,  free  from  Iron  and  Alumina). 

Tin-   procedure  in  t]  -  differs  from   tho   f<  n  two 

respects  only ;  that  is  to  say,  the  uranium  solutii 
standardized  b)  tribasic  calcic  phosj  ad  in  tin 

titration   it  is  necessary  to  add   nearly  tii1    full  aiuounl  of  it 
required  l>efore  heating  the  mixture,  to  ;i-  t->  prevent  the  pn 
tiun  id'    calcic    phosphate,   which    is   tipt   to    occur    in   n 
solution  \v]  .  or  tin   modification  adopted  by  I 

Xeubnuer,  and    Lurk,    I  i*d,  which 

the  pr  baking  a  measured  volume  of  uranium,  and  deli 

int"  it  the  solution  of  phosphate  until  ;i  drop  <-f  th 
to  givi  i    colour  with   femwyuuide.     This  plan 

.mi.  mud  iulilc,  ami   posscAscs  no  advant 

of  accn  racy, 

the  firsl  I       nuewhat  roughly,  in  the  ordii 

within  1  or  -  c.< .  the  volume  ol 

l  il  trial  it  '< 

then  heat  the  mixture,  and  finish  th 
two  "f  uranium  at  a  time  until  the  required  ■  ■ 

This  reversed  pro..—-   is   -in-n-lv   advocated   h_v    ' 
hut  except  in  ran-  instauci  direct 


\<:ii>. 


iopt  in  the 

i  of  uranium,  swl  oo 

its    back    with   standard    phosphate    solution    till    the    colour 
Is  :«11  the  trouble  of  prcjinring  and  cleaning  .l 

the  solution  i"  b udyzed,  and  it' 

is  mads  bo  correspond   volume  for  volume  with   the  uranii 

■,;         |     ., 

Standard  Calcic  Phosphate.— It    tfl    u<>\    B&le   t<>  depend   upon  the 

>tus  ■'!'  trii  ?hing  any  given 

iwing  to  uncertainty  ;i  ■  t"  the  state  in  which  the 
phosphoric    wdd    may   exist ;    therefore,    in   i   d       to   titrate    the 
■II   witli  calcic  phoephati ,   It   in   onlj    ni 
•">  gto,  ,.f  pro  i 
soch  .■  rce,  dissolve  it  in  n  flight  pxcosp  nf  dihnv 

I,  precipitfl  i  ilighl  excess  of  ammonia, 

olve   in   .i   moderate  excess  <>f    ucetN    acid,   then  dih 
a  liter;  l>\   this  means  is  obtained  a  solution  of  acid  mom 

inder   the   same   conditions  as  occur  in  tin* 

actual  analysis.     In  order  '■•  ascertain  the  exact  amount  of  tabteic 

Ji one  iicid  present  in  u  given     i  >n,  two 

•  I  m  tw  o  li  ch  holding  about 

hit  If  n  liter.     A  slight  excess  of  solution  of  uranic  acetate  or  nitrate 

i.-i  then  added  to  er  with  about  10  <•,<■,  oJ 

sotutio]  L  to  actual  boiling  on 

-t  hot-p  ad-bath,  the  beakers  tilled  up  with  boiling  distilled 

and  then  eedily.    Tin* 

i  I 

when  perf  u-  Liquid  is  withdrawn  by  a  syphon 

ured    ofl  possible    without    disturbing    the 

prucipj  i    the  beaki  filled  up  with  boiling  water. 

i  '      '  done  b   third  time,   when   the  precipitates 

lit   "ii    two    filters,     iml    ueetl    very    little    further 

Winn  thr  filtration  is  complete,  the  filters  are  dried  and  ignited 

•m  the  precipitate,  taking  care  to  burn  ofl  all  carbon. 

1,   however,    tin;    linuiic-phosphntc    must    be 

■••■>}  with  strong  nitric  acid,  driod  |>erfp<  tlv  in  the  water  bath 

'  ;  .it  first,  \<-i '  --J\,  00 

n  li.  it  cold  «>f .'  |  :  Lemon  colour.    Ibis 

I  ^  ■  >  .    I"'  >  .    ill-  |"  rcentngc  conipositi f 

1 -if  umilie  oxide,  and  10*91  of  pin isphoric  acid. 
■ .  weighed,  and  should  ngi 
within  -i  LrinV,     If  they  ditrer,  tlie  mean  is  token   ;  ofl  the 

en  quantity  "f  tricalcic  phospliate,  from 
which  '  dculated  the  strength  of  the  ^« *1  tit i< -u  to  be 

l  if  ruiir-p    my  <»ther  ariMmitv    inetbod  of  determining 
<1  in  place  of  tl 
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The  actual  standard  required 
per  liter;  and  it  should  be  adjusted  to  tlii 
alter  the  ngth  1ms  been  found.     In  thi 

a  stiuidurd   which   agree*  e:  pe> 

phosphate  or  other  similar  nianunt 

Standard   Uranium   Solution.      Thl 

tgth  that  25  cc.  arc  required 
with  '  ide,  when  M  cc  "f  1 1 1  *  *  stand. ml 

phoaphafc  an  baken  i-  i  Working  in 

of    uraniuui   solution  repi 
tricalcic  phosphate,  when  1  gtu.  -<f  manure  is  taken  f->i 

50  cc    ■('   Hit;  calcic  phosphate   will   i 
phosphate  ffjuid  to  O-Jfi  got  i  i  will  roqi 

uranium  solution  bo  balom  b  it. 

These  standards,  are  given  as  convenient  f or  mnnun 
may  be  modified  to  suit  any  ] 

7%r  Amatyxt'j  t»  cam*  of    >Snperphonphatr  free  from    Fe   and  At^  exrept 
■in  mere  (races  : — 10  jmi.  of  the  BUMtonoo  is  weighed,  placed  jum* 

mortar  and  gently  broken  down  bj  the  pestle 

it  to  a  smooth  cream,      '  I  not  be  ground  or  nibbed  hard, 

which    might    cause    the   solution   uf    some   iusnlublc   phosphate   in    the 

Botntod  tni xtiLre.    The  creamy  substance  i-  radually  \rv\ 

low  into  :t  measuring  fla.uk  marked  at.  5u3'5  e.c  .  the  '•'•' 
occupied   by   the    insoluble    matters    in    no   ordinary   25    * 
superphosphate.    The  flask  is  filled  to  the  mark  with  cold  inter,  and  shaken 
uwry  few  inmates  during  about  luilf-on-hour.    A  portion  is  then  filtered 
through   :i  dry  filter  into  a  dry   beaker,    id  -I   gm.  of    m .  ■ 

nieasut.  1  in  to  a  beaker  holding  about  100  c.c.    Sufficient  lopcrceot.anunoui* 
il   then   added   to   pi  be  monocalcic  phosphate  in   the   form  of 

Ca^O"  (in  all  ordinary  superphosphates  there  is  enough  Oi   pi 
sulphate  to  ensure  this,  and  four  or  five  drops  of  amnin 
to  effect  the  precipitation),    Ac  tn  added  in  just  «itli 

quantity  u>  render  the  liquid  clear.    Sbould  tra<  i  Ail'O'or 

FePO*  occur  at  this  stage,  the  liquid  will  bo  slightly  opal. 
may  be  disregarded  if  only  slighl  tbeequeut  In 

uranium  to  decompose  it.     Il  more  than  truces  oo  i ill  not  be 

•  ntc-,  and  recourse  must  be  bad  to  n  *  ■  '-nagpsric 

I  LOU. 

While  the  liquid  is  ;*till  cold,  a  measured  volume  of  the  standard  a 
i«  run  in  with  stirring,  and  occasional  drop--  i  out  with  u  gins.- 

:iini  put  in  contact  with  some  ferrocyanide  indicator  sprinkled 
until  a  faint  colour  occurs.     Hie  beaker  is  thru  pi 
:i  EftD  mint  ■;..■  mixture  tested  with  the  indicator:  after  he 

in  this  way  the  tosti t..  show  no  colour.     M 

added  with  stirring,  ai  v  drop  till  the  pro| 

titration  if  only  a  ^-uide  for  a  second,  who! 

running  in  at  once  very  nearly  the  requisite  vnlumc  of  uranium. 

Tliis  operation  ma}  1m-  reversed,  it'       ,  .    , 
solution  of  phosphate  up  i"  a  dcfiuil 
running  it  int 
shows  no  colour. 
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6.    .Estimation  of  Phosphoric  Acid  in  Minerals  or  other  substances 
containing  Iron,  Alumina,  or  other  disturbing-  matters. 

Ill  enliT  tO  MKiki*  USC  nf    ailY  Vi  'linnet  I  10  process  tOX  t!i 

tJp-  phosphoric  aeid  tmurt    l><<   aeparated      As   has  been  already 
bed,  this  may  ha  J  by  the  molyhdie  precipitation 

foUoxred   by  solution  in  \H  ,  again  precipitated   with  ordinary 
da  mixture,  or  dire  don  by  citro^nagnnsia  mixture. 

In  either  eaaa  the  unmonio^nuu^netK  salt  n  dissolved  in  tb 
pnsfliliN*  quantity  of  nitric  or  hydrochloric  add,  neutralized  with 
nmnonJA,  acidified  with  acetic  acid,  and  the  titration  with  m 
described, 

7.     Joulie's  Method. 

Thiadiffc  sn  the  foregoing,  and  may  hftnuunariied 

M  unro,  C,  y.  lii.  85). 
Joulic  applies  tin-  citro-mngneaia  method   to  all   phosphates, 
win  fchcr  aontaining  iron  and  alumina  or  not,  ami  prefers  nitrate.  t<- 

asiofalUi  "1"   uranium. 

i.  of    the  sample  are  dissolved   in   UCI.      Some  onanists  use 

nitric  sold  with  q  view  of  leaving  as  mnoli  ferric  oxide  as  possible  undissolved. 

Thus  M  J  bj   the  author,  beeau-e  the  presence  of  fen 

in  no  way  interferes  with  the  process,  and  because  HC1  is  a  mueh  hotter 

of  mineral  phosphate*  than  nitric  acid,  and  leaves  a  residue  free  from 

1  j  judge  of  the  completeness  of  the 

In  the  case  of  phosphates  containing  a  little  pyrites,  nitric  acid 

bt  used  in  i  with  hydrochloric.     The  removal  of  silica  by 

enpori-  nan  i-1   oeceesary  only  in  those  cases  where  the  sample 

liontOS  decomposable  by  U('!,  with  separation  of  gelatinous  silica. 

Themmple  i*  boiled  with  the  acid  in  a  measuring  flask  until  the  residue  is 

-  are  cooled,  made  up  to  the  mark  with  cold 

mixed,  filtered  through  a  dry  filter,  and  such  a  fraction  of  tho  filtrate 

i  tains  about  60  m.gin.  of  P-'O"*.    The  sample 

i  from  the  pipette  into  a  small  beaker,  10  e.c.  of  eitro-matrncsia 

added,  and  e  excess  of  aumiouia.     If  this  quuutUv 

Desia  liquor  is  sufficient,  no  precipitate  will  form  until  the  lapse 

of  a  few  moments;  should  an  immediate  precipitate  form,  it  is  iron  or 

aluminium  phosphate.     In  this  esse  I  fresh  sample  must  be  pipetted  off,  and 

|uor  added  ;  it  is  of  no  use  adding  soother  10  cc.  of 

-ample,  as  the  precipitated  phosphates  of 

iron  and  aluminium  do  not  readily  redissolve  when  once  formed.    The  citro- 

magncsU  lit] ■  mo  an  described  on  p.  271.    The  old  plan  of  adding 

I  then  "magnesia  mixture"  to  the  solution  uuder analysis 

frequently  leads  to  incomplete  precipil  ition  of  the  phosphoric  acid,  because 

the  amnion  io-niagucsic  phosphate  is  slightly  soluble  in  amnionic  citrate 

utiles?  excess  of  magnesium  salt  is  present,  and  tbi  refore  the 

-iuju  -alt  should  be  increased  pari,  pattu  with  the  citric 

acid  required,  which  i-  best  done  when  they  arc  in  solution  together.    The 

i  ii  allowed  to  stand  from  2  to  IS  hours  (covered  to 

on  of  ammonia),  and  then  decanted  through  a  small  filter. 

uaimug  in  the  beaker  is  washed  with  weak  ammonia  by 

filtcr  until  the  till  i  pi  Late,  with 

sodic  phosphate.     Dilute  nitric  acid  is  next  poured  into  the  beaker  to  dissolve 

the  gtssBttt  o  the  precipitate 


vol; 


filter.     The*  nitric  toltition  is  received  in  a  beaker  hnldin 
marked  at  77  ■  ■■     After  ;■-■  washings  with 

ti lit  i  ■  uched  from  the  funnel  and  added  to  the  the 

the  paper  ti  found  to  retain  trace*  ■■  an* 

v  t  lidded  until  a  slight  i 
whi  h  h  removed  by  th"  additioa  of  one  or  two  tlr* ■■  ^  nitric  acid. 
it  heated  to  boiling,  6  c.c.  of  the  sodie.  idded  (pag> 

and  the  juration  «itli 

Thr  Standard    I  ra Nil 

pure  crystals  in  800  ox.  water,  adding  a  fen 

alight  turbidity,  I  'i  eared,  and  dilutin  -taw 

o|  uranium  rilOuld  not  be  used,  oi  it  impairs  the  seimhilily  of  th' 

The  nr.iiiiiiin  solution  i*  titrated  with 

amnionic   .  containing  8*10  nn<  of  the  pun  dry  sjIi 

m.  I>:0').     The  auimoui'-  p 
eviiponitin.' ;i  tneamred  quantity  (say  60o.c)of  ii  todr  nueaeufod 

quantity  of  I  solution  or  pure  ferric  nitrate  tg  an  exoes*  of 

oxide  ining  the  residue.      Thi 

Bed  residua  and  that  from  ition 

■  rated  alone,  i-*  the  weight  oric  anhydri 

60   o,e.   of   ammonic   phosphat    solution.     The  actual  the 

uranio  nitrate  is  performed  by  measuring  accurate! 
phofphata  into  a  beaker  marked  at  75  e.i 

Up    with    water 

uranium  ire  then  run  in  from  a  burette,  and  the  Liqu 
nMtd  way  with  ferrocyanide.    Prom  this  point  the  uranium  is  added  torn 
three  dro|w  at  a  time,  until  the  end-reaction  just  appears,  the  bur 
read  off    at  each  testing,      As    soon   as    the   Fainted  i  «?an, 

beaker  i*  immediately  filled  to   the  mark  wit  !■:<!  water, 

mother  test  mode.     If  the  operation  has  been 
brown  colour  will  be  detected,  owing  to  the  dilution  of  the  I 
or  two  drops  more  of  the  uranium  solution  must  be.  added  bt 
becomes  evident,  and  the  burette  is  anally  rood  off.     A  constant  correct 

rooted  from  all  readin,.  d  in  this  wai 

uranium  found  necessary  to  give  the  eud-reaotiou  wil 
acetate  solution  alone,  diluted  Lo75c.c.  with  boUinj  described. 

The  oml-poinr   must  always  bo  verified   by   adding'   three  or  fuur  droj 
uranium  in  axoose,  aud  testing  again,  when  n  strong)?  marked  clour  -diould 
be  produced.     The  standard  uranium  is  made  of  the  same  stnagtfa  01 
standard   ammonic   phosphal  rder  to  eliminate  the  error 

uhangea  in  the  temperature  of  the  laboratory.     The  actual  analysis  utmado  in 
the  «ame  way  as  the  titration  of  tl  ird  uranium,  except  that  a  alight 

error  is  introduced  by  the  number  of  tests  that  hav<   to 
a  Miiull  fraction  ol   the  assay.    To  correct  this,  o 
always  be  made,  and  nearly  the  whole  of  the  uranium  found  I 
Oral  trial  should  bo  added  at  once.    Testa  arc  thi 

or  three  drops,  and  the  anal  and  correct  result  should  atig  that 

obtained  in  the  nrat  trial. 


8.     Stolbo'a    Alkalimetric    Method. 

Tina  process  has  given  me   v\  Its  in   the  rural* 

superphosphates  e<  w  lining  in-u  au-l  alumina,  even  if  tin-  411 
llf     tie  ry    <  niisMol.iMe,    sin 

wbentliet.it.il    l'-'U'   litis  to   lie   estimated   till 
where  the  liydroeliloric  acil   solution  lu 
ile  iron  nf  alumina  present  in  the  - 
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Tk*  Analyti* :  T  of   1  jrm.  of    I  QOSpbate, 

ohitlon  ■•(  ill..-  toluol*  and  insoluble  phosphates,  is  placed  intoa 
.,  and   from  80  in  SO  .-.■*.  of  cftro-magneafa 
■  irding  to  thi  P*0 

idded,  and  rigorously  stirred,  regardless  of  rubbing  the 
ker.    If  the  itirnng  b  done  :it  intervals  of  i   few  minutes, 

I'  •'■ '.)■  iu  half  an  hour,  lait  for  Safety  ibo 

ror  another  half-hour;  then  the  liquid  filter*-*! 
orous  filter,  washing  the  main  precipitate  uud  the  filter  «itli 
I .iied    Bpirit  ol    50  I    free   .iininoiiia    i* 

rring  rod  and  sides  of  the  beaker  will  ho  Domed  with 
which  oeed  not  Imj  detached,  bat  mast  bearefuuy  wished  with  the 
dcohol;  and  finally,  the  main  prei  maybe  transferred  to  the 

i  I   filtrate 

be  removed  from  bcDenth  the  funnel,  so  thai  no  voaetfls  ammonia 
ntwrrlmtfi  the  precipitate  or  filter.     In  hot,  all  care  mi 
",r  ammonia  thai  which  is  chemically  combined  with  the 

fihospborieeoid;  this  being  duno. m original  beaker  and 
stirring  rod   are    i  t  the   funnel,  and  a  measured  exoeai  ol    f\ 

sulphuric,  nitric,  or  hydi  |  oured  over  the  filter  sod  preoipitate 

i ri    repeated  afiities    until    the    double 

dissolved.    Fiinill'  ■  ii  washed  with  repeated  portions oi  hoi 

so  that  all  the  salt   i  d  from  the  Mas  of  the  Biter,  and  spei 

tuition  ol  all  the  crysl  I  the  rod  ami  aides  ol  the  fH^Vc-r  ia 

obtained. 

The  titration   i*  made  by  cooling  the  Squid   to  ordinary  temperature, 
and  adding  a  drop  or  two  •<(  methyl  orange  or  rose  then  titrating 

residual  ly  with  ft  ammonia  or  oth 

The   volume   of    A  acid    neutralized   by    the   alkaline   double 

when   multiplied    1.  >   will  give  the  weight  of 

00775,  the  weight  of    I  u    the   1   gu.  of 

■   i 
Tin  one  "f      i  ind  cannot  be  ueed  except  bj 

flxperii  need  manipulators. 


9.      Pembert on's    Molyhdic    Method. 

ill  the  stepe  that  led   U>  ita  adoption,  ami  tin* 
•litlo  nit-.-  involved,  i>  tli  scribed  inapap*  r  rend  before  tin  chemical 
i  *i  of  tin-  Franklin  [nstil  '   *Y.  \lvi.  4). 

Tin-  process  is  based    "ii  the  fact  tliat,  if  a  standard  aqueous 
solution  of  amnionic  molybdal     bo  add  :    phosphoric 

i    of   a  hu  imniorrio  nitrate, 

.mod  with  ;i  small  nitric  acid,  ami  heat  applied  t" 

I    the  I'-i > '  is  immediately  and  completely 
plios|.)i...ijL..|ylnl;ito  quite  free  from  M<-it 
excess  nf  the  m  renders  the.  supernataut   liquid  clear  and 

n    id    molyhdic    tri oxide    U\    phoflphoric 
mie. 
Tin-  weal  Finding  the 

:    which   tin    pre<  tpitation   is  ended,   bi  can 
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yellow  ^  '  hloride, 

and  honoc  (Utiation  ,!v,  in  order  to  obti 

quid  for  besting  with  a  drop  of  the  molybd 

aging  the  Reals  filter  (fig.  19).     When  tiieprocipit 

u>  be  nearly  complete,  tli*-  (ilt  to  the  li-»t  li-j 

us   to  obtaiu   J  c.c.   ur  so  in  ;i  cleur  condition  ;  tlii 

I  I- Mil     |e>t     tubr    OT    sinul! 

of  the  precipitant  added,  then  heated  in  the  bath  t 
ookmr  occurs;  if  it.  does,  the  filter  and  beaker  an 
into  tin  bulk  with  hot  water  in  irery  small  quantities  fro 
wash  bottle.     A  second  titration  oughl  in  n  rer] 

approximation]  and  ;i  third  will  fcn  A  convenicnl 

suotioi  filter    is    figured    and    described    by    1't 

Caldwell  us  well  adapted   to  thi 

.  ;i  tittatioB  1 1    made  in  b 

alumina  may  be   totally  disregarded    in   moderate  qrj 

9§  m:i\  be  made  nunabla  Cor  technicaJ  purjioees. 

ta,  however,  imperative  here,  as  it  in  in  the  usual  mol 
.   to  nvoid   the   presence  "f    soluble 
und    organic    acids.      Chlorides    in    moderate    quantity    '1"   not 
interfere. 

Tin-  necessary  solul  reagents  ai 

Standard  Anunonic  lnolybdute.     89*543  gm.  of  the 
wilt   are  dissolved  in  aboi  i  ;  if  not  quite  clear, 

a   very   few  drops  of  ammonia   may  1"'  added   to  ensure  jwrftft 
solution,  the  flask  is  then  filled  t->  the  liter  mark.     The  weight  to1 
salt  used  is  based  on  the  proportion  of  21  MoO*  to  1  ■■'   '      ' 
each  e.c  precipitates  3  mgi  l  !'-'< '■.     If  any  doubt 
I  mi  its  of  the  molybdate,  tlie  solution  bIiquIi]  1  with 

a  solution  of  ETO6  of  known  strength.     In  any  case  tl 
reeonnnended. 

Amnionic  nitrate  in  granular  form  and 

Nitrii    acid,  Bp.  gr.  not  less  than  1*4  ;  or  if  of  less   streti 
proportionate  increase  must  be  used  in  the  titrati 

Thr  AnaljftiM :  The  |  I  to  be  titrited  is  taken  in  q 

mining  not  over  0*]  gm.  P^O*  or  0*15  L-m .  it  the  utmost.  pratsort; 

the  solution  ia  evaporated  to  dryness.    In  pn  rgsnfa  matter  SgnttB 

gently  und  evaporate  to  dryness  twice  with   UNO1-     There  \*  no  adi 
m  ill tc ring  off  the  SiO-.    Tho  solution  ia  transferred  to  a  beaker  -»f  iuo  So 
125  o.c.t  using  as  little  wnter  as  possible  to  prevent  luineccwary  dilution 
and  is  just    neutraliied   with  NH'HO,  i'.«  ,  mitil  a  slight    , 
formed. 

If  much  iron  is  present  the  ammonia  is  added  until  the  ■ 
to  change  to  a  darker  shade.     B  c,c.  of  nitric  acid  are  added.     Care 
taken  that  tho  up.  gr.  of  the  acid  is  not  I       than  1 

bo  added.     10  gm.  of  granular  nitrate  Ifter 

a  little  experience  the  quantity  can  be  jud  1m  the 
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oal  the  trouble  Of  weighing.    The  solution  in  now  heated  to  140*  F. 

oyer  and  the  mnlybdate  solution  run  in  (most  conveniently  from  ■ 

umbo  hurt'.  i.ili-  itifring  the  liquid.     The  beaker  is  uoiv  left 

disturbed  for  about  a  minute  ao  the  wn tor-bath  or  hot  plulo  until  the 

>cipitate  Mttlc.%  leaving  the  supernatant  liquid  not  clear  but  containing 

dely  nlwemiTwfad  purtieles,  in  which  the  yellow  cloud  can  easily  be  »eeu 

the  further  addition  of  the  molybdnto.     This  addition  is  oontinQM  n«  long 

ihr  precipiteto  is  thick  and  of  a  deep  colour.     But  as  soon  as  it  becomes 

rather  faint  and  thin,  u  Utile  of  the  solution,  abunl  2  to  3  c.c.,  after  settling 

of  iln.- precipitate,  i*  filtered  into  a  very  small  beaker,  and  this  is  heated  on 

fad   p Lite  and  4  or  5  drops  of  the  motybdate  added.     If  a  precipitate  is 

i   the  whole  is  poured  bnok  into  tbe  large  beaker,  and  t  further 

ditiou  of  the  molybdato  (1,  2,  or  3  c.c.)  added,  MOOnUng  to   the  quantity 

tbe  pn  i  the  wuall  beaker.     After  Bturingond  .settling  ml 

11  ipi:mtit y  is  filtered  aud  again  tested.     If  tin  •  been  overstepped 

d  too  much  mnlybdate  added,  a  measured  quantity  of  P*Os  solution  of 

rtnBgfeb  is  added,  ami  tho  eorrespoudin^  amount  of  1*:0*  deducted. 

ilts  may  be  cheeked  by  adding  1  c.o.  of  standard  P*C  BOhtti 

This  can  be  repeated  as  often  as  desired.    The  portion 

"luces  a  cloud  in  the  end-point;  from  this  is  deducted  0  .">  CO, 

or  neutralizing   the    solvent   action    of   tho   nitric   acid),   the   remainder 

nltiplied   by  3  irivca  the  weight  of  PK)4  in  milligrams.    0*1  gm.  of  l^O* 

i.  of  the  yellow  precipitate,  aud  the  accuracy  of  the 

[a  largely  duo  to  the  low  percentage  of  P^O*. 


10.      Sohindler's    Method. 

method  is  based  on  tin*  precipitation  of  the  phosphoric  acid 

pho-molybdate  <>f  definite  composition  which  ie  secured  by 

kfing  <l  to  the  ordinary  molybdate  Munition  in  the  pro 

portion  of  15  gm.  to  1  liter.     50  c.c  ox  the  nitrii  o<  i'l  solution  of 

I  tin*   phuepliate  (0*5  gm.  >•(  substance)  is  mixed  with  eo  much  of 
bion  *»f  iinimonic  nitrate  (750  gm.  per  liter),  that  oftei  khe 
ii  -if  the   molybdate   the   mixture  shall  contain   25  gm.   of 
per  100  c.c     Then  lor  each  O'l  gm.  afpho 
anhydride,    LOO   cc,   of    molybdate   solution    ;,j   added,   ana   the 
nixtaxe  d  in  a  water  bath  to  about  58",    The  precipitate 

i*  allowed  t<>  depoait   fur  10  minutes,   tie    enpenstaaft  liquid  Ea 

filtered,  and  the  precipitate  is  washed  tine-  or  four  ti b  with 

tin:  nie  nitrate  (100  gm.  with  10  c.c  of  nitric  acrid  pat 

ii<T).     It  is  ilicii  dissolved  in  ■>  per  cent,  axmnoauh  treated  with 
<<f  magnesia  mixture,  and  made  up  t->  200  a,<       After 
baking,  it   is  filtered:   50  c.c  of  the  Hltnttc  is  acidified  with 
id,  diluted  to  300  c.c.  with  hot  water,  and  titrated  with 
Comparative  determinations  on  :»  variety  of  mm 
agreement  with  the  magnesia  method. 
Further  details  of  the  reactions  involved  arc  contained  in  the 
"ii    Molybdenum,  and   it   is   necessary   t<»  study   th< 

kg  OUt  the  (iroceHS. 
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SILVEB. 

Ag=107-66. 

1   c.c.  or  1  dm.  -ft  sodic  chloride  =  0*010766  gm.  or  0-10766  grn. 
Silver ;  also  0*016966  gm.  or  0-16966  gnu  Silver  nitrate. 


1.     Precipitation   with   jj    Sodio    Chloride. 

§  70.  The  determination  of  silver  is  precisely  the  converse  of 
the  operations  described  under  chlorine  (§  37,  1  and  2),  and  the 
process  may  either  be  concluded  by  adding  the  sodic  chloride  till 
no  further  precipitate  is  produced,  or  potassic  chromate  may  be 
used  as  an  indicator.  In  the  latter  case,  however,  it  is  advisable 
to  add  the  salt  solution  in  excess,  then  a  drop  or  two  of  chromate, 
and  titrate  residually  with  yff  silver,  till  the  red  colour  is  produced, 
for  the  excess  of  sodic  chloride. 


2.     By   Ammonio   Sulphocyanate   (Thiocyanate). 

The  principle  of  this  method  is  fully  described  in  §  39,  and 
need  not  further  be  alluded  to  here.  The  author  of  the  method 
(Volhard)  states,  that  comparative  tests  made  by  this  method 
and  that  of  Gay  Lussac  gave  equally  exact  results,  both  being 
controlled  by  cupellation,  but  claims  for  this  process  that  the  end 
of  the  reaction  is  more  easily  distinguished,  and  that  there  is  no 
labour  of  shaking,  or  danger  of  decomposition  by  light,  as  in  the 
case  of  chloride. 


3.     Estimation  of  Silver,  in   Ores  and   Alloys,  by  Starch   Iodide 
(Method   of  Fisani    and   F.    Field). 

If  a  solution  of  blue  starch-iodide  be  added  to  a  neutral  solution 
of  silver  nitrate,  while  any  of  the  latter  is  in  excess  the  blue  colour 
disappears,  the  iodine  entering  into  combination  with  the  silver ;  as 
soon  as  all  the  silver  is  thus  saturated,  the  blue  colour  remains 
permanent,  and  marks  the  end  of  the  process.  The  reaction  is 
very  delicate,  and  the  process  is  more  especially  applicable  to  the 
analysis  of  ores  and  alloys  of  silver  containing  lead  and  copper,  but 
not  mercury,  tin,  iron,  manganese,  antimony,  arsenic,  or  gold  in 
solution. 

The  solution  of  starch  iodide,  devised  by  Pisani,  is  made  by 
rubbing  together  in  a  mortar  2  gm.  of  iodine  with  15  gm.  of  starch 
and  about  6  or  8  drops  of  water,  putting  the  moist  mixture  into  a 
stoppered  flask,  and  digesting  in  a  water  bath  for  about  an  hour,  or 
until  it  has  assumed  a  dark  bluish-grey  cokmr ;  water  is  then  added 
till  all  is  dissolved.     The  strength  of  the  solution  is  then  ascertained 
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;i"U  of  silver  containing  1  gm, 

hlch  ;i  portion  of  pure  pre*  ipitated  caku  i  srborjata 

added  ;  the  addition  oz  this  latter  removes  all  excess  of  acid,  and 

time  enables  the  operator  bo  liiaringniah  the  end  <>f  the 

-ti ■»■  ly.     The  starch  iodide  solution  should  I"-  of 

lah  a  Ktrengtib  that  about  -r>(>  <u\  are  required   for  10  cc,  of  the 

•  lotion  (  -  0*01  gin,  silv  i  - 
F.   Field  (C.X.  ii.  17),  who  discovered  the  principle  of  this 
tcthod  simultaneously  with  Pisani,  uvea  ■»  solution  "f  iodine  in 

.  itb  Btarch.     Those  who  desire   to  make   d 
is  phu  ■    tli<-   ,s((  and  ^,{t  .-'lotions  of  Iodine  described 

of  BUver  containing  copper,  the  solution  mi 
diluted  in  order  to  weaken  thecoloui  pper; 

small  measured  portion  is  then  taken,  calcic  carbonate  added,  and 
ffch  iodide  till  the  colour  is  permanent.     It  is  l»'st  t,.  .., 
ritib  about  fnuii  60  to  loo  cc,  containing  not  more  than  0*ffi 

when  the  quantity  is  much  greaser  than  this,  it,  is  preferable 

■  ipitate   the  greater  portion   with  ,sfr  sodic   chJ  and  to 

omplcte  with  starch  iodide  after  filtering  off  the  chloride.     When 

nt  with  silver  in  the  nitric  acid  solution,  add  sulphuric 

id,  and  Biter  off  the  [ead  sulphate,  then  add  calcic  carboneti  to 

u'uti.i!,        ci  .  ■  ■  i.  filter  again  if  necessary,  than. add  Ereeh 

arbonute  and  titrate   i 


Assay  of  Commercial  Silver  (Plate,  Bullion,  Coin,  etc.), 
Lusiac's    Method   modified    by    J.    G .    Mulder. 


Gay 


tthan  thirty  years  Gay  Luesae's  method  of  estimating 
alloys  has  been  practised  in!  I  the  Eur 

index  tli"  name  of  the  M  humid  method,"  in  place  of  the  old 
stem  "i  cupellation.  Daring  that  time  it,  has  been  regarded  as  one 
tin-  most  exact  methods  of  quantil  ttive  onalj  I  :  ■ 

Mulder,  however,  into  the  innermost  tlouils  ->f   tin-  process 
ihown  that  it  is  capable  "f  even  greater  ac  an  hoi 

hitherto  been  gained  hy  it. 

The  principle  of  the  process  is  the  same  as  described  ii 
(spending  on  the  affinity  which  chlorine  haa  lor  silver  in  prefi 
all  nthi '  tlting  in  the  formation  of  obloride 

-  insoluble  m  dilute  acids,  and  which  readily 
lie  lii|iiiil  in  which  it  is  suspended, 
plan  originally  devised  by  the  illustrious  inventor  "f  the 
ilver,  and  which  is  still  followed,  is  I 
be  weight  <•('  alio)  taken  for  examination  to  consist  of  1000  parte, 
question  i-  to  find  how  many  of  these  parte  ore  pure  silver. 
npiriea]  system  was  arranged  for  the  <  im  enience  oi  > 

now   thoroughly   established,   n    is    the    best    plan    of 
lurow     If,  therefore,  a  standard  solution  of 
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snrli  strength  that  100  &c.  will  exactly  precip 

it  is  manifest  thai  u  will  precipitate  ! 

]Mirt  of   tin  taken;  and  consequently  in  the   mini;. 

1   jn».   of   any  •Hoy  containing  direr,  the  aai  i 

required  to  precipitate  nil  the  silver  out  of  it  would  1hi  the  numrwr 

of  thousandths  of  pure  silver  contained  in  the  ap 

In  pmctici .  however,  it  would  not  ilo  to  follow  tins  plan  pr- 
h  as  neither  t  n  rement  of  the 

tin-   ending  of    the   |>rnpw  would   1»-   gained   in   the 
manner  ;   ootisequenUy,  s  d>>  into!  solution  of  salt,  one-tenth  the 
strength  of  the  standard  eolation,  U  prepared,  bo  that  UN 
will  exactly  precipitate    I   gm.  of  silver,  end,   I 
1  m.gm. 

The  silver  alloy  to  be  examined  (the  composition  "f  which  must 
be  approximately  known)  is  weighed  eo  that  about  1  gin.  of  pun* 
silver  is  meant ;  it  ii  then  dissolved  in  pun-  nitre 
of  a  Ren  tie  heat,  and  100  c.c,  of  standard  solution  of  salt 
from  ;i  pipette  in  order  to  precipitate  exactly  1  gin.  of  silver;  the 
little  containing  the  mixture  is  then  well  shaken  until  the  chloride 
of  silver  has  curdled,  leaving  the  liquid  i 

The  question  is  now  :  Which  i*  in  excess,  suit  or  silver!     I 
oi  decimal  salt  solution  is  added,  and  if  a  precipil 
\  c.c  is  delivered  in,  and  after  clearing,  i 

as  a  precipitate  is  produced     If  on  the  other  hand  the  one  drops] 
salt  produced  no  precipitate,  allowing  that  the  pure  silver  | 
MTU   less    than  1  gin.,  a  decimal  solution  of  silver  is  used,  pi 
by  dissolving  1  gm.  pure  silver  in  pure  nitric  acid   and  dihit 
1  liter.     This  solution  is  added  after  the  Same  manner  as  the  salt 
solution  just  described,  until  no  further  precipitate  occurs  ;  in  either 
case  the  quantity  of  decimal  solution  used  is  noted,  and 
enlculated  in  thousandths  for  1  gm.  of  the  alloy. 

The  process  thus  shortly  that  originally 

Gay  Lussac,  and  it  was  taken  for  granted  that  when  equi 
i  beinka]  proportions  of  silver  and  aodic  chloride  were  brought  thus 
in  contact,  that  ever)  trace  of  the  inetid  was  precipitated  fn 
solution,  leaving  sodic  nitrate  and  free  nitric  acid  onlj  in  solution, 
The  researches  of  Mulder,  however,  go  to  prove  that  this  is  not 
strictly  the  case,  hut  that  when  the  most  exact  chemical  prop 
of  silver  and  salt  are  made  to  react  on  each  other,  and  I 
lias  subsided,  ;i  few  drops  more  of  either  salt  or  silver  solution 
produce  a  further  precipitate,  indicating  the  preseni 
nitrate  and  aodic  chloride  in  astute  of  equilibrium,  which  i 
on  the  addition  of  either  salt  or  silver.     Mulder  ino  no 

doubt  rightly,  that  this  peculiarity  is  owing  to  the  p  if  aodic 

nitrate,   and   varies  somewhat  with  the  temperature  and   statu  of 
dilution  -if  the  liquid. 

It    therefore    follows   that,   when   a   silver  solution   is  carefully 
precipitated,  first  by  concentrated  and  then  by  dilute  salt  solution, 
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niit.il   tm  further  precipitate  appear.*,  tin-  clear  Liquid   will  at  this 
i  precipitate  with  dilute  mIvci  solution  ;  and  if  it  1h- 
added   till   no  further  cIoadinBM  is  produced,  it   will  again   be 
iteble  by  dilate  --alt  solution. 

Eratrtph :  Suppose  that  in  a  tfiveu  silver  analysis  the  decimal  salt  solution 

i  added  so  Ion ^  as  a  precipitate  is  produced,  and  Hint  I  OX.  (  =  20  drops 

..f  M  ul di-r's  dropping  apparatus)  of  decimal  silver  is  in  Turn  required  t^ 

precipitate  the  apparent  BXOMt,  it  would  bi  fmiud  that  u  lion  this  had  been 

done,  1  r.r.  more  of  nail  solution  would  he  wanted  to  reach  the  point  at  which 

no  further  cloudiness  is  produced  by  it.  and  so  the  changes  might  be  rang 

time  altl  IT,  however,  instead  of  the  last  1  c.c.  (  =  20  drops)  of  suit. 

half  the  quantity  1m?  added,  That    h  to  say  10  drops  (  =  4  c.c.),  Mulder's 

so-called  neutral  point  is  reached;  namely,  that  in  which,  if  the  liquid  be 

divided  in   half,  both   salt  and  silver  will   produce  the  same  amount    of 

itc.      At  this  stage  the  solution  contains  silver  chloride  dissolved 

in  swlio  nitrate,  and  the  addition  of  either  salt  or  Aw  HEptb  it  from 

•  *n, 

ilv'-r  onalyaia  may  therefore  be  oanoladed  m  three  ways — 

(1)      By  adding  diM/imal  salt  solution  until  it  just  cease*  to  pvodlOB 
:i     !.'nliiit*«8. 

Bj   adding  ft  slight  excess  of  salt,  and   tlnn  decimal  -ilv.-r 
nil  no  more  precipitate  oa 
f:i)     By  finding  the  neutral  point 

«rding  to  Mulder  the  latter  is  the  only  correct  method,  and 
preserves  ita  accuracy  at  all  tempemtuiea  up  t^i  56*  t*.  (  =  133" 
Kuhr.),  while  the  difference  between  I  and  3  amoonta  t*>  h  aSLgm., 
aod   that  between    I   and  2   to  1   ni.gm.  on   1  gni.  of   silver  at 
(  =  60°  Fain.),  and  is  seriaualy  Lncreaaed  by  variation  of 
■  'ire. 
It  will  readily  Ih-  seen  that  much  mora  taouble  and  care  is 
required  by  Mulder's  met&od  than  by  tluvt  of  Gay  Lussne,  hut. 
ompenaetion,  nraeh  greater  accuracy  is  obtained. 
On  the  whole,  it  appears  to  me  preferable  to  weigh  the  alloy  so 
Lightly  l»l"r,'  than  1  gm.ofai]v<  >nt,  and  to  chou 

■fftling  So.  1,  adding  drop  by  drop  the  decimal  salt  solution  until 
jiutt  a  truce  ■•[  the  precipitate  is  aeon,  ami  which,  often  eouM  practice, 
ta  known  by  the  operator  to  be  final     It  will  be  found  that  the 
■\  of  salt  solution  used  will  slightly  exceed  thai  required  by 
rnputation;  say  100-1  cc  are  bund  equal  bo  1  obl  of 
thnoperal  aly  to  calculate  thai  quantity  of  ';' 

solution  in  Question  for  every  1  gm,  of  silver  he  assaye  in  the  ban 
of  alloy,  and  the  error  produced  by  the  solubility  of  allvei  chloride 
m  aotlic  nitrate  is  removed. 

If   the  decimal  solution  has  Wn  cautiously  added,  ami   the 
temperature  not  higher  than   IV    I  i  n.),  tins  method  of 

No.  3,  and  free  from  the  poasihle  errors 
For  it  reqi  roat  expenditure  of   tune  and 

three    tunea,   each    taroa 
solutions,  drop  by  drop,  thru  shaking  and 
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wailing  fur  the  liquid  l<>  clear,  : 

chloride  "f  ,-ilvt-r,  which  would  at  once  vitiate  id 

tolutiort,  n<  would 

seldom  bo  required  ;  if  the  salt  lias  i 

«|uuntit\  <<f  alloy  too  littli    i atain  1  gm.  pure  silver,  tli 

to  add  once  for  nil  i\  3,  or  5  i  irding  to  rjj 

and  finish  with  decimal  salt  ;ls  Xa  1,  dt*ductinft  tin 

The   Standard   Solutions   and   Apparatus. 

(a)     Standard  Salt  Solution.— Pure  sodic  chloride  it<  j  i  "r»alin:» 

a  concentrated  solution  of  the  whites)   table-nit  first  with 

remove  d   ami  magnesia,  then  w 

excess  ol  sooj  to  remove  baryta  and  lime, 

ties  lo  subside,  then  evaporating  to  a  small  bulk 
BMj  form;   these  are  separated  by  a  filler,  and  slightly  washed  wil 
:  water,  dried,  removed  from  the  filter,  and  heated  to  dull  i 
and  when  cold  preserved  to  a  well-closed  bottle  for   i  ooLber-tiqnor 

it  thrown  .way,  or  ussd  purposes.     Of  the  nil  so  propon 

chemically  pure  rock-salt  (Stcinsalz,  a  substance  to  be  obtaiucd  fin 

gm.  are  to  1  ■  1  liter  of 

water  at  16*  C.    loo  e.c.  of  khie  solution  will  precipital 
,-ilvcr.     K  b  |T served  iu  a  well -stoppered  bottle,  and  shaken  before  d 

(M     Decimal  Salt  Solution.  — 100  0.0.  of  the  above  solution  are  diluted  to 

C.     1  c.o.  «il!  precipitate  o<- 

of  silver. 

(r)     Decimal  Silver  Solution.— Pur  red  by 

galvanic  action  from  pure  chloride;  and  aa  clean  snd  secure  a  method  as  any 
is  to  wrap  a  lump  of  clean  tine,  into  wbioh  n  silver  wire  is  mottsd,  wini 
u  piece  of  wetted  bladder  or  calico,  so  as  to  keep  any  particles  of  impurity 
oontained  in  the  zinc  from  the  nlver.  The  chloride  u  placed  at  the  bottom 
of  a  porcelain  dish,  covered  with  dilute  sulphuric  acid,  ai  I 
the  middle;  the  silver  wire  i<  bent  over  bo  us  to  be  immersed  in 
As  soon  let  upon  the  zinc  the  redu<  I 

the  chloride,  and  grow*  gradually  all  over  the  mil- 
divided  silver  is  well  washed,  first  with  dilute  acid,  then  with  hot  w 
nil  acid  and  soluble  sine  an  removed* 

The  moist  metal  is  then  mixed  with  a  little  sodlc  cot 
and  bumx,  say  aoout  on  dried  perfectly,  then  welted. 

M  u  1  d  e  r  recommends  that  the  melting  should  bo  dom 
immersed  in  sand  contained  in  a  common  earthen  crucible;  borax 
over  the  surface  of  the  sunt  so  that  it    i  miewbat  vitr 

pouring  oul  tl  ten  melted  no  particles  of  dirt  or  sand  n 

it.     If  the  quantity  of  metal  be  small  it  may  be  melted  inn  porcelain  ci 
over  a  gas  blowpipe. 

The  molten  metal  obtained  in  either  cose  can  be  poor  M  water 

nud  so  granulated,  or  upon  a  slab  of  pi  pi 
Iwen  pressed   when  soft  so  as  to  form  ;i  shallow  mould. 

well  with  boi  ■     r  to  remove  accidental  surf  a 

rolled  into  tliiu  strip-  by  ;i  guldMiiitiri*  mill,  m  nnli  I 
cut  for  weighing.    The  granulated  metal  is,  ol 
without  any  rolling. 

1  gm.  of  Uiis silver  is  dissolved  in  pure  dilute  nidi 
diluted  t"  I  liter  j  each  c.c.  contains  0*001  gm. 
!)-•  kept  from  the  light 
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("')      Dropping  Apparatus  for  Concluding-  the  Assay. — Mulder 

special  affair  for  this  |  tnmttfting  -if  a  pear- 

[pad    vessel   fixed   in  a  stand,  with   special   arrangement! 

nv  continued  flow  of  liquid     The  deli  vary  tube  h 

such  buec  that  20  i  I  The 

.  La   not  graduated.     As  this  arrangement  ii  of  more 

ica  to  aaaay  tbaa  to  ganera]  I  need  not  be  fnrther 

A  small  burette  divided  in  t\-,  cc.  with  a  conve* 

nJent  dimming  tube,  will  answer  every  purpoee,  and  possesses  the 

farther  sir  I  pohrme  of  fluid  delivered 

The  100-cc  pipette,  for  delivering  the  Qonoentreted  Bait  solutionj 

must  b  raduated,  and  should  deliver  exactly  100  gm. 

of  distilled  water  at.  1C  C. 

The    feast  hnMliig  about    '200  G.C.,  should    have   their 

stoppers  well  ground  and  brought  to  i  point,  and  should  be 
bate  japanned  tin  tubes  reaching  a.s  hi^h  as  the  neck,  so  as  to  pre- 
aarva  the  precipitated  chloride  from  the  action  <-f  light,  ami,  when 
shaken,  a  piece  "f  black  cloth  should  be  covered  ovm  the  stopper, 

(•)      Titration   of  the   Standard  Salt   Solution.  —  From    what   haS 

as  to  the  principle  "f  this  method,  it  will  bo 

seen  that  it  is  not  possible  t"  rely  absolutely  upon  s  standard  soJu- 

feion  oi  -nt&ining  5*4145  gm.   per  liter,  although   Ail   is 

chemieauv  correct  in  i  gtfa.     The  real  working  power  must 

id  by  experiment.    From  1002  fc.  1  uo I  gm.  oi  absolutely 

liver  is  weighed  on  the  assay  balance,  put  into  a  teat  bottle 

with  .  nitric  acid,  of  about  1*2  sj».  gr.,  and  gently 

heated  in  the  water  or  sand  bath  till   it  is  all  diasolved     The 

-  vapours  are  then  blown  from  the  bottle,  and  it  is  set  aside 

•1  down  to  about  16"  C.  or  60"  Fahr. 

Tie-  100  cc  pipette,  which  should  !■<      curely  fixed  in  a  support, 

!.   filled  with  the  salt  solution,  and  delivered  into 

i  bottic  contained  in  its  case,  the  moistened  Btopper  in 

ith    the  black    velvet  or  cloth,  and   shaken  con- 

fchxuoualy  till  tlie  chloride  has  clotted,  and  the  liquid  becomes  clear; 

the  stopper  lightly  lifted,  and  it.s  point  touched  against  the 

neek  (»i  the   Dottle  t<>  rem<  as  of  liquid,  again  inserted,  and 

chloride  washed  down  from  the  top  of  the  bottle 

-■•fully  shaking  the  clear  liquid  over  them.     The  little  i* 

hi  under  the  decimal  salt  burette,  and  dad,  the 

mixture  shaken,  cleared,  another  }  cc.  pu1  in,  and  the  bottle  lifted 

irtly  out  *'f   i\  I  •  Bee  if   the  precipitate  a  considerable; 

uly  of  tin    dilution  are  added  at  a  time  until 

ity  is  produced  by  the  final  drop.     Suppose,  for 

ding  the  salt  solution  it  is  found  that  1*003  gin. 

trated,  ind  4  cc.  decimal  solution, 

her  uipial  to  100'  1  c.c.  concentrated,  then — 

ur  :  1004  salt  :  :  l'OOO  :  x,  »« 100*01 

u 
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The  result  is  within  10fl00  of  100*1,  which  is  near  enough  for  the 
purpose,  and  may  be  more  conveniently  used.  The  operator 
therefore  knows  that  100*1  c.c  of  the  concentrated  salt  solution 
at  16*  C.  will  exactly  precipitate  1  gm.  silver,  and  calculates 
accordingly  in  his  examination  of  alloys. 

In  the  assay  of  coin  and  plate  of  the  English  standard,  namely, 
11*1  silver  and  0*9  copper,  the  weight  corresponding  to  1  gm.  of 
silver  is  1*081  gm.,  therefore  in  examining  this  alloy  1*085  gm. 
may  be  weighed. 

When  the  quantity  of  silver  is  not  approximately  known,  a 
preliminary  analysis  is  necessary,  which  is  best  made  by  dissolving 
J  or  1  gm.  of  the  alloy  in  nitric  acid,  and  precipitating  very 
carefully  with  the  concentrated  salt  solution  from  a  ^  cc.  burette. 
Suppose  that  in  tliis  manner  1  gm.  of  alloy  required  45  cc  salt 
solution, 

1001  salt  :  1*000  silver  :  :  45  :  a*,  x  «  0*4495. 
Again  04495  ;  1  :  :  1003  :  a*=  2*231. 

2*231  gm.  of  this  particular  alloy  are  therefore  taken  for  the 
assay. 

Where  alloys  of  silver  contain  sulphur  or  gold,  with  small 
quantities  of  tin,  lead,  or  antimony,  they  are  first  treated  with  a 
small  quantity  of  nitric  acid  so  long  as  red  vapours  are  disengaged, 
then  boiled  with  concentrated  sulphuric  acid  till  the  gold  has 
become  compact,  set  aside  to  cool,  diluted  with  water,  and  titrated 
as  above. 

Assaying*   on    the    Grain    System. 

It  will  be  readily  seen  that  the  process  just  described  may  quite 
as  conveniently  be  arranged  on  the  grain  system  by  substituting  10 
grains  of  silver  as  the  unit  in  place  of  the  gram ;  each  decern  of 
concentrated  salt  solution  would  then  be  equal  to  -^  of  a  graiii 
of  silver,  and  each  decern  of  decimal  solution  to  y^  of  a  grain. 


5.     Analysis   of  the   Silver   Solutions   used  In  Photography. 

The  silver   bath  solutions   for  sensitizing   collodion  and   papci**"*~ 
frequently  require   examination,  as   their   strength    is  constantly 
lessening.     To  save  calculation,  it  is  better  to  use  an  empirical 
solution  of  salt  than  the  systematic  one  described  above. 

This  is  best  prepared  by  dissolving  43  grains  of  pure  sodic 
chloride  in  10,000  grains  of  distilled  water.  Each  decern  ( =  10  gm.) 
of  this  solution  will  precipitate  0*125  grn.  (i.e.  ^  grn.)  of  pure 
silver  nitrate  *  therefore,  if  one  fluid  drachm  of  any  silver  solution 
be  taken  for  examination,  the  number  of  decerns  of  salt  solution 
required  to  precipitate  all  the  silver  will  be  the  number  of  grains 
of  silver  nitrate  in  each  ounce  of  the  solution. 
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ftU ;  One  fluid  drachm  of  an  old  nitrate  bath  was  oarefttUy  measured 
»to  a  stoppered  bottle-,  10  or  15  drops  of  pun-  trivia  acid  and  B  Little  d 
't  BOfajHon  VM    then  r:nitiuu-ly  udded,  abating  w. 
addition  until    oa    further    predpitalo  "  >-  Thi         mtUv 

Liu'red   was  205   dm.=26&   gnu'iia  of   silver  nitrate  in  each   ounce  ol 
ion. 


'" 


&  silver  nitrate  mnv  also  be  examined  in  the  vine  way, 
!   Of  40  gRL    in  ;m  omtca  uf  water,  taking  one 
■hm  of  the  iluiil  Bud  titrating  ea  atom 

of  tin*  rapidity  and  accuracy  with  which  silver 
ennined,  when   p  aromata  is  used  as  iinlientor, 

■  .  oae  that  method.     It  is  then  BtcaaMi; 
dution  "F  silver,  of  tie  omieal  power  as  tin- 

baaolving  LS6  graina  «.f  pur© and 
neutral  aOvar  nitrate  in  1000  dm.  ol  tfatftM  water  j  both 
,ill  then  bo  i ■■•[imi,  volume  for  volume. 
Suppose,  therefore,   I  to  ffirftrninn  o  silver  aol 

■A    for    sensitising   paper,      *  me    drachm    ta    measured,    imd 
acid   be  present,  cautiously  oentralued  with  ■  weak 
bouatu;  100  dm.  of    salt  solution    arc  then 
added    with   a  pipette.      If    the   solution  is  under   100  j;rn.   to 
once,  the   quantity  will   be    snmmanti    3   or   1   die 

ilution  ore  then  added,  and  the  silver  solution  delivered 
until  tln>  red  colour  of  silver  chromata  is  just 
5  dnt  have  been  required,  that  Dumber  ia  ded 
■in  the    100  dm.  ol  nit  Rotation,  wnieh   teavea  74*6  dm.,  ox 
dj  to  tie.  oases. 

hod  ia  much  more  likely  to  give  exact  rasolta  ia  the 

oa  not  expert  in  analysis  than  the  ordinary  plan  by 

,  with  collodion  baths,  containing  as  they 

do  silver  iodide,  it  ia  almost  impossible  to  get  the  supernatant 

Liquid  clear  enough  to  distinguish  the  exact  end  of  the  anal} 
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Tan  ■    applied  to  several  bodies  possessing 

ing    somewhat    in    molecular  coni- 

■   <lilh Tin.  .]\    in    their   effbote   upon    various 


■i  us.-  tor  the  estimation  of  the  various 
tin*  optica]    method,   by  the   polariaoope  or 
darizii  urometer;    by   gravimetric    analysis   with    copper 

lutaon  [umetrie  analysi  roury  sole. 

u]M>n  the  reducing  power  possessed  by 

ea   ujhh]    the    i  I    copper   or 

tin-   naU 


292  VOLUMETRIC   ANALYSI&  §    71. 

upon  certain  reagents,  is  one  of  great  interest  and  importance,  and 
has  given  rise  to  very  extensive  researches,  including  the  transfor- 
mation products  of  starch,  malt,  etc.* 

The  discussion  of  the  intricate  organic  changes  which  occur  in 
vegetable  juices,  or  the  starches,  in  relation  to  the  sugar  they 
contain,  or  are  capable  of  developing,  is  far  too  complicated  a  matter 
to  be  entered  upon  here ;  but  these  who  may  be  concerned  in  the 
study  of  such  subjects  will  derive  great  advantage  from  the  perusal 
of  the  admirable  papers  of  O'Sullivan  and  of  Brown  and  Heron, 
which  may  be  regarded  as  models  of  research  in  this  particular 
branch  of  organic  chemistry.  The  varieties  of  sugar  of  general 
importance  are — 

(1)  Those  that  possess  the  chemical  composition  of  grape  sugar 
or  glucose,  C6H1208,  such  as  the  sugar  contained  in  the  juice  of 
graj>es,  apples,  and  other  ripe  fruit;  also  that  which  occurs  in 
urine  in  Diaftet&t  meUitua. 

(2)  Common  cane  sugar,  C^H^O",  contained  in  the  juice  of 
the  sugar  cane,  beet  root,  maple,  malt  sugar,  etc. 

Sugars  of  the  latter  class,  and  also  those  contained  in  milk,  may 
all  he  altered  in  character  (inverted)  by  boiling  for  a  short  period 
with  weak  sulphuric  ot  hydrochloric  acid. 

These  inverted  sugars  are  not  identically  the  same  as  grape  sugar, 
and  they  each  have  their  peculiar  effect  upon  the  copper  or  mercury 
solutions  used  for  estimating  them.  Cane  sugar  in  a  pure  state  has 
no  reducing  action  upon  the  metallic  solutions. 

The  volumetric  method  of  estimating  glucose  by  Fehling's 
copper  solution  has  for  a  long  time  been  thought  open  to  question 
on  the  score  of  accuracy,  and  the  extensive  and  elaborate  experi- 
ments ol  Soxhlet  have  clearly  shown,  that  only  under  identical 
conditions  of  dilution,  etc.,  can  concordant  results  be  obtained. 
The  high  official  position  of  this  chemist,  together  with  the  evident 
care  shown  in  his  methods,  leave  no  doubt  as  to  the  general 
accuracy  of  his  conclusions.  His  rather  sweeping  statement,  how- 
ever, that  the  accurate  gravimetric  estimation  of  glucose  by 
Fehling's  solution  is  impossible,  is  strongly  controverted  by 
Brown  and  Heron,  whose  large  experience  leads  them  to  a 
different  conclusion.  It  is  probable,  however,  that  both  authorities 
are  right  from  their  own  points  of  view,  and  that  Brown  and 
Heron  do  obtain  concordant  results  when  working  in  precisely  the 
same  way;  whereas  Soxhlet  is  equally  correct  in  stating  that 
the  gravimetric  estimation,  as  usually  performed  under  varying 
conditions,  is  open  to  serious  errors. 

•Enmpf  and  Heintzerlinpf,  Z.  a.  C.  ix.  358. 
O'SalUvan.J.  C.8.  1872,  579,  etc.  etc. 
Marker,  Landw.  Vtrsuckt-Stat.  xxii.  69. 
Muacnlua  and  Oruber,  Bull.  Sac.  Chim,  xxx.  54. 
Hflfner,  Jour.f.  pract.  CJwto,  [2]  t.  372. 
Brown  and  Heron,  J.  C.  S.  1879.506. 
S  ox  fa  let.  Jour./,  pract.  C1i*m.  f21  xxt  227. 
Allen's  Organic  Analytit  I  187—348,  2nd  edit. 
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The  Solution  of  Sugar. — For  all   tile    ]>  on    tins 

■  Ontain  \  or  ill    most  I   per   <:<  Ell  nj 

found  t<>  )«•  stronger  than  this,  it,  most  be 
diluted  with  a  measured  quantity  "f  distilled  water, 

If  tli  dution  to  be  examined  is  of  dark  Dolour,  <>r  likely 

1 .  ■!■  Ii    mixf^  interfere  with   the 
le   reaction,  it  is  advisable  to   heat  a   mi 
quantity  t<-  boiling,  and  add  a  few  drops  of  milk  «>f  linn*,  allow  tin* 
precipil  filter  through  iiurified  animal  dha 

;Iiit.-  with  the  washings   u>  a   definite   volume.     La 

>«f  alumina  oi  may  1m*   used   t<» 

rinurod  <»r  impure  solution,  but  no  Lead   must  1m* 

From  thick  mucilaginouR  liquids,  or  those  which  contain  a  large 

|mt|Mnti(in   of  iilhmiii:  bra  tive   mutters,  the   simni    i-  I"*st 

dialyser. 

Pehling  method  may  be  applied  directly  to  fresh  diabetic 

bialysia  c  j  o  to  brewer's  wort  or  distiller's 

nosh.     Dextrine  'lues  not  ini  leapt   the   boiling  of   tin* 

liquid  undi  ion  is  long  continued. 


INVERSION    OF    VARIOUS    SUGARS    INTO    GLUCOSE. 

Tin-  various  kinds  of  sucrose  such  as  cane,  milk,  malt,  and  other 

ust  I"*  inverted  before  they  can  be 

estimated  as  glucose  by  the  Fehling  process  j  tin-  actentrfii       na 

for  thi  is  "  hydrolysis,"  oi  ■meat  of  the  elements 

;<-r   in   the   saccharine  substance.    This   inversion    may  be 

ting   with   acids  or   by   treatment  with   yeast   or 

i"   the  ugents  by  which  the  proi        i     carried 

•>ut    for   volumetric    or  gravimetric    estimation   with    copper  or 

Ordimi  it  is    best   inverted    by  beating   to 

i  \  ii  dilut  lI  ration 

I  of  the  sugar  with    10  per  cent  of  fuming 

i>1    for    15    minutes.     Dilute    sulphuric   acid    is 

■n<-    op<  rntoi        If   the    mixture  d,    the 

in  from  5  to  10  minutes.     Tin-  inversion  of  milk 

■  ae  than  i  n 

afaltose  or  in  ilt   sugar  takes  a  much   longer   tune  than  milk 

hut  may  be  doue  by  the  addition  of  3  cc  <>f  concentrated 

sulphuri*    acid   to    100  cc  of  wort,  and  heating  for  3  hours  in 

iffh  traom  of  laid  are  or  no  Kraut  consequence  when  clarify  in*  sugars  for  the 
p>Uu1*c.><  «**  imj-ortiiiM*  t»  remove  ail  lead  in  the  volowetric  method.    In 

I -oat  to  treat  a  measured  quantity  of  tho  sugar  solution  which  has 
been  •-Unified  by  Mil  with  a  atrontr  solution  of  sulphurous  acid  until  no  further 
praci;4tat«  occura,  then  add  a  few  drop*  of  alumina  hydrate  «uatieiul«d  in  water, 
a  definite -rolume  and  filter.  In  many  casea  rouretit  rated  aolntion  of  aodio 
will  »ulHc©  to  remove  all  lead.  These  method*  of  clariflcatiou  are  hiirhly 
'  com  of  albuminous  or  gelatinous  liquid*,  as  otherwise  the  copper  oxide 
will  not  settle  readily,  and  it  becomes  dttfk-ult  to  tell  wht-u  the  tmd-reactiou  occurs. 


294  VOLUMETRIC  ANALYSIS.  §    71. 

a  lx>iling  water  bath ;  if  dextrine  is  present,  it  is  also  inverted  at 
the  same  time. 

The  inversion  of  the  slowly  changing  sugars  may  be  hastened 
considerably  by  heating  at  increased  atmospheric  pressure,  although 
some  authorities  condemn  the  process.  O'Sullivan  however 
states  that  a  good  result  with  maltose  or  dextrine  is  obtained  by 
heating  30  gm.  of  the  substance  in  100  c.c  of  water  containing 
1  c.c.  of  H2S04  for  20  minutes,  at  a  pressure  of  one  additional 
atmosphere  (Allen's  Organic  Analysis  i.  217). 

Allen  also  gives  a  handy  means  of  carrying  out  this  method, 
which  consists  in  using  a  soda  water  bottle  with  rubber  stopper 
through  which  passes  a  long  glass  tube  bent  at  right  angles,  and 
immersed  to  a  depth  of  30  inches  in  mercury  contained  in 
a  vertical  tube  of  glass  or  metal.  The  rubber  stopper  must  l)e 
secured  by  wire,  and  the  bottle  heated  to  boiling  in  a  saturated 
solution  of  sodic  nitrate,  which  gives  a  temperature  corresponding 
to  an  extra  atmosphere.  Of  course  in  all  cases  where  acid  has 
been  used  for  the  inversion  of  sugar,  it  must  be  neutralized  before 
the  copper  titration  takes  place;  this  may  be  done  cither  with 
sodie  or  potassic  hydrates  or  carbonates,  or  calcic  carbonate  may  l)e 
used. 

Starch  from  various  sources  may  be  inverted  in  the  same  way 
as  the  sugars,  but  it  needs  a  prolonged  heating  with  acid.  For 
approximate  purposes  1  gm.  of  starch  should  be  mixed  to  a  smooth 
cream  with  about  30  c.c.  of  cold  water,  then  1  cc.  of  strong 
hydrochloric  acid  added,  and  the  mixture  kept  at  a  boiling 
temperature  in  an  obliquely  fixed  flask  for  8  or  10  hours,  replacing 
the  evaporated  water  from  time  to  time  to  avoid  charring  the 
sugar,  and  testing  with  iodine  to  ascertain  when  the  inversion 
is  complete.     The  product  is  glucose. 

100  parts  of  grape  sugar,  found  by  Fehling's  process,  represent 
90  parts  of  starch  or  dextrine.  When  dextrine  is  present  with 
grape  sugar,  care  must  be  taken  not  to  boil  the  mixture  too  lonj: 
with  the  alkaline  copper  solution,  as  it  has  been  found  that  a  small 
portion  of  the  copper  is  precipitated  by  the  dextrine  (Runipf  ami 
lleintzerling,  Z.  a.  C.  ix.  358). 

An  inversion  of  starch  may  be  produced  more  rapidly,  and  a* 
lower  temperature,  by  using  some  form  of  diastase  in  place  of 
acid.     An  infusion  of  malt  is  best  suited  to  the  purpose,  but  th*-* 
temperature  must  not  exceed  71°  C.  (160°  Fahr.).     The  digestio*^ 
may  vary  from  fifteen  minutes  to  as  many  hours.     The  presence  c~»~* 
unchanged  starch  may  be  found  by  occasionally  testing  with  iodin*^ 
If  the  digestion  is  carried  beyond  half  an  hour,  a  like  quantity  l-"* 
the   same   malt   solution   must   bo   digested   alone,    at  the  san»- 
temperature,  and  for  the  same  time,  then  titrated  for  its  amount  c=* 
sugar,  which  is  deducted  from  the  total  quantity  found  in  th- 
mixture.     O'Sullivan  (/.  C.  &  1872,  579)  has,  however,  clearly 
shown  that  the  effect  of  the  so-called  diastase  is  to  produce  maltoses- 
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■   has  mi,Iv  the  copper  solution  t-»  th" 

three-fifths  tin  or  troe  l 

tb«>  rest  being  probably  ■  ides  of  tli-xtrin**.     Brown  md 

'  i  Learly   dem  that    no  deacto 

i   starch   by  oven  prolonged   trantmant  with  malt 

-  ;  tin-  only   product  is  maltose.     Sulphuric  or  other  similar 
odd  cause  complete  invei 

the  exact  estimation  of  starch  in  grain  ol  various  kinds 
''Sullivan  gives  vary  elaborate  directions,   involving  the   I 
>nt  of  the  obol  and  ether,  to  remove 

•  nstitueuta  previous  bo  digestion  with  diastase.     The 
ithoiity  also  gives  special  directions  for  the  preparation  of  tin* 
roper  kind  ol  diastase,  ;ill  of  which  may  bs  found  in  J.  C.  S. 
Iv.  1, 


Preparation   of    the   Standard   Solutions. 

Folding's  Standard  Copper  Solution.    Qrjstalaof  pare  cupric 

vdeml    ami    pressed    between   luisized    pap 
idhering  moisture  -ighed,  dissolved  in 

Ice.  of  pure  sulphuric  acid  added,  and  the  solution 
lnt«-"l  ti«  I  liter. 

Solution. — 350  gm.  wit  (aodio- 

itasaiu  tartrate)  are  dissolved  in  about  700  ex.  of  water,  and  1 1 j* - 

■  red,  if  nut  alrcadj  clear;  then  Is  than  added  to  it  a 
lear  solution  "f  100  gm.  o  ileohol]  in 

Tin'  volume  is  made  up  to  1  liter. 

These  solutions  are  pr  paraterr,  and,  when  mixed  in 

i    original  Fehling  solution,  which 
should  contain  ii  0*03464  gm.  of  cupric  sulphate,  and  has 

k'-n   bo  represent  0*005  gm.  "f   pure  anh 
r,  the  supposition  being  that   10  equivalentf1  of 
I  fmnt  the  stafc  <»f  cupric  to  cuprous  oxide  by  1  eouiva- 
igar.*    Soxhlet,  however,  has  with  great  pains 
of  various  types  which  have 
for  the  verification  "f   these   hitherto- 
of   Fehliug,   Neubauer,  and  others,  and 
which  show  that  the  ratio  of  reduction  is  dependent  npon  i 
conditions  of  dilution,  duration  of  experiment]  etc,  hithei 

[to  will  In-  given  further  on.     The 


>  trif »  tfc 
with  ♦•► 


d,  ami  tbe  solution*  mixed  only  at  the  t(mo  of 
'  of  inaccuracy  ;  iievartbelmi  it  Is  advisable  to 
e  time.  Tbia  may  be  done  by  weighing  anil 
'  in  about  500  o.c  of  water,  adding  3  u.c.  of 
Miinut*^  Tlif  arid  ii  tlmu  ueutralixod 
.'■0  o.o.  of  tbii  lirinid  hhouM  smelly 
r's  solution.    A  standard  solution  of  inverted 


nonthfl.  may  b«  mode  in  tho  foregoing 
tb,  and  rendered  strongly  alkaline  wit 


b  soda  or 
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principle  of  Fehling's  method  is  based  on  the  fact  that  although 
the  copper  solution,  as  described  above,  may  be  heated  to  boiling 
without  change,  the  introduction  into  it  of  the  smallest  quantity  of 
grape  sugar,  at  a  boiling  temperature,  at  once  produces  a  precipitate 
of  cuprous  oxide,  the  amount  of  reduction  being  in  the  ratio 
above  mentioned. 

Knapp's  Standard  Mercuric  cyanide. — 10  gm.  of  pure  dry 
mercuric  cyanide  arc  dissolved  in  about  600  c.c  of  water ;  100  c.c 
of  caustic  soda  solution  (sp.  gr.  1*145)  are  added,  and  the  liquid 
diluted  to  1  liter. 

Sachsse's  Standard  Mercuric  iodide. — 18  gm.  of  pure  dry 
mercuric  iodide  and  25  gm.  of  jwtassic  iodide  are  dissolved  in 
water,  and  to  the  liquid  is  added  a  solution  of  80  gm.  of  caustic 
potash ;  the  mixture  is  finally  diluted  to  1  liter. 

These  solutions,  if  well  preserved,  will  hold  their  strength 
unaltered  for  a  long  period. 

These  solutions  are  very  nearly,  but  not  quite,  the  same  in 
mercurial  strength,  Knapp's  containing  7*9365  gm.  Hg  in  the 
liter,  Sachsse's  7*9295  gin.  100  cc  of  the  former  are  equal  to 
100*1  cc.  of  the  latter. 

Indicators  for  the  Mercurial  Solutions. — In  the  case  of  Fehling's 
solution,  the  absence  of  blue  colour  acts  as  a  sufficient  indicator, 
but  with  mercury  solutions  the  end  of  reaction  must  be  found  by 
an  external  indicator.  In  the  case  of  Knapp's  solution  the  end  of 
the  reaction  is  found  by  placing  a  drop  of  the  clear  yellowish 
liquid  above  the  precipitate  on  pure  white  Swedish  filter  }>aper, 
then  holding  it  first  over  a  bottle  of  fuming  HC1,  then  over  strong 
sulphuretted  hydrogen  water ;  the  slightest  trace  of  free  mercury 
shows  a  light  brown  or  yellowish-brown  stain.  The  indicator  best 
adapted  for  Sachsse's  solution  is  a  strongly  alkaline  solution  of 
stannous  chloride  spotted  on  a  porcelain  tile.  An  excess  of 
mercury  gives  a  brown  colour. 

The  Titration  of  Glucose  utitk  Mercury  Solution*:  40  c.c.  of  either  are 
placed  in  a  porcelain  basin  or  a  flask,  diluted  with  an  equal  bulk  of  water, 
and  heated  to  boiling.  The  solution  of  sugar  of  t  per  cent,  strength  is  then 
delivered  in  until  all  the  mercury  is  precipitated,  toe  theory  being  in  either 
case  that  40  c.c.  should  be  reduced  by  01  gm.  of  dextrose. 

The  results  of  Soxhlet's  experiments  show  that  this  estimate 
is  entirely  wrong*;  nevertheless,  it  does  not  follow  that  these 
mercurial  solutions  are  useless.  It  is  found  that,  using  them  by 
comparison  with  Fehling's  solution,  it  is  possible  to  define  to 
some  extent  the  nature  of  mixed  sugars,  on  the  principle  of  indirect 
analysis. 

*  Careful  experiment  shows  that  40  cc  of  Sachsse's  solution  is  reduced  toy  01342 
gra.  dextrose  or  0-1072  gm.  invert  sugar. 
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SUGAR. 


K  napp's  solul  -<«1  autb 

f  diabetic  sugar  in  mine.     The  method  <>f  using 
Ibed  i»  the  d  Urinary  tnjrij 

rA#    TiiratioM    of    (iUrwe   with   Fehiing**  tiul*tlou  —?>   r..\  each   of 

ird  copper  And  alkaline  tartrate  solutions  are  accurately  measured  into 

II  bann,  40o.o  ol  irat  nd  the  hunin  quickly 

heated  to  borfing  on  a  sand-hath  or  by  a  small  flame.      No  reduction  or 

DOloOI  should  occur;    if    it  does,  the  alkaline  tartrate  solution 

defective  Cram  age.     This  may  probably  be  remedied  by  the 

addition  of  a  little  fresh  caustic  nlkali  on  second  trial,  but  it  ta  advisable  to 

(olution.    The  \  or  1  j   ■  tUvered  in 

from  a  burette  *  in  -mall  quantities  at  i  tune,  with  subsequent  boding,  until 

the  blue  colour  of  the  copper  solution  is  just  discharged,  a  point  which  is 

readily  detected  by  inotinuig  the  basin,  so  that  the  colour  <»f   the  clear 

if.  fluid  may  be  observed  apninst  the   wbite  ddl  •  isin. 

Some  operators  use  a  small  thin  !>oilin«  il.i^k  in.-tcad  of  the  basin. 

It  is  almost  impossible  t»>  hit  tin-  exact  point  of  reduction  in  tin* 
titration,  but  it  affords  q  mt\  good  guide  for  a  more  rapid  ami 

I    -i;ti"ii   of    . .  solution    in   ;t   BOOOIld   trial,   whan   the 

sugar  mo  I  with  more  boldness,  ;ut-l  the  time  ->f  expoeun 

u   copper  Bolution  to  tin-  air  lessened,  which  is  a  matter  of 
import  '  iged    boiling    has    undoubtedly 

prejudicial  effect  on  tin'  accuracy  i>f  tin-  process.t 
When  the  exact  point  >»f  reduction  is  obtained,  it  3         > 
:lit*  voltm  ir solution  used  representa  0*05  Km.    I 

sugar  or  dextrose,  or  that  1  equivalent  <>f  dextrose  {—  \S0)  exactly 
reduces  10  equivalents  oj  cuprie  oxido(  =  397). 

"With  tltifl  ,   ion,  however,  Soxhlet  does  not  agree,  but 

maintain*  from  tip'  results  of  Ins  experiments  on  carefully  prepared 

idord  sugars,   tli.it  the  accuracy  <-f   the   reaction  fared 

villi  by  varying  concentration  "f   the  solutions,  duration  «>f  the 

meter  of  tin'  sii|    i 

cperimente  of   Soxhlet}  were  lnith  volumetric 

and  gi  ■■-.  and  may  be  summarised  as  follows; — 

reducing  powcT  of  a  sugar  was  volumctrically  determined  in 

owing  manner:  —Varying  quantities  <>f  the  copp  c  solution 

ware  heated  to  boiling  in  a  diah,  equal  volumes  of  the  alkaline 

solution  being  previously  added     Then  50  c*c  on  100  c.c. 

he  1  percent,  or  A  per  cent  sugar  solutions  cespcctivelj  wen* 

ind  tlie  whole  was  boiled  for  two,  four,  or  six  minutes, 

■   of  the  sugar.     The  contents  of  the  dish 

*  The  instrument  should  be  arranged  ai  described  on  page  11. 

t  It  ho*  been  proposed  to  use  En  eioess  of  copper,  sod  to  estimate  the  excess 
iodametricallv  or  with  cyanide  {§  M)  in  view  of  the  «JI*  -yed  iinverWn  ending  in  Lite 
ordimarj  Ke  hi  in*  process.  My  experiment*  with  these  methods  show  that  the  errors 
are  greater  than  the  one  they  are  supposed  to  oars.  Moreover,  in  practised  hands  the 
true  ending*  presents  no  difficult]-. 

;  A  rery  admirable  and  complete  rssaiai  of  Soxhlet's  results  is  given  iu  a 
'ure  the  School  of  Pharmacy  Students'  Association  by  C.  M.  Hutchinson, 
(Pksrm.  Journ.  Feb.  1*1 . 


298  YOLTJMETKIC  ANALYSIS.  §   71. 

are  then  thrown  on  a  filter,  the  filtrate  is  acidified  with  acetic  acid, 
and  potassic  ferrocyanide  at  once  added  to  ascertain  the  presence  of 
copper.  This  process  is  repeated  until  two  quantities  of  the  copper 
solution,  differing  from  each  other  by  -^  c.c,  give,  the  one  a  filtrate 
containing  copper,  the  other  a  filtrate  free  from  copper.  The  mean 
of  these  two  readings  is  taken  as  the  result. 

The  gravimetric  method  of  determining  the  copper  reduced  by 
the  sugars  acting  on  Fehling's  or  Lowe's  solution  (hydrateri 
cupric  oxide  dissolved  in  an  alkaline  solution  of  glycerine)  is  fc> 
boil  a  measured  quantity  of  the  sugar  solution  with  an  excess  of 
the  Fehling's  or  Lowe's  solution,  and  then  to  filter  by  means  of 
gentle  suction,  through  a  weighed  tube  filled  with  asbestos ;  wash 
with  hot  water,  then  with  absolute  alcohol,  and  finally  with  ether. 
On  passing  hydrogen  through  the  heated  tube,  the  cuprous  oxide  is 
reduced  to  the  metallic  state  in  two  or  three  minutes,  and  then 
weighed.     The  following  are  the  chief  results : — 

Dextrose. — 0*5  gm.  in  1  per  cent,  solution  reduces  105*2  cc  of 
Fehling  (undiluted),  or  101*1  c.c.  of  Fehling  (diluted  with  4 
volumes  of  water). 

Ratio  of  reduction,  1  :  10-52—1  :  10*11. 

Invert  Sut/ar  (i.e.  equal  molecules  of  dextrose  and  levulose 
obtained  by  the  action  of  acids  on  cane-sugar). — 0*5  gm.  in  1  per 
cent  solution  reduces  101*2  cc.  of  Fehling  (undiluted),  or  97*0 
c.c.  of  Fehling  (diluted  with  4  volumes  of  water). 

Ratio  of  reduction,  1   :  10*12— 1   :  9*7. 

In  the  case  of  dextrose  and  invert  sugar,  dilution  of  the  solution 
lowers,  excess  of  copper  raises,  the  reducing  power. 

MUk  Sugar, — 0*5  gm.  in  1  per  cent,  solution  reduces  74  cc. 
of  Fehling. 

Ratio  of  reduction,  1  :  7*4. 

Dilution  has  no  noteworthy  influence  on  the  reducing  power. 
Excess  of  copper  raises  it,  but  to  a  much  slighter  extent  than  with 
dextrose  or  invert  sugar. 

Galactose. — 0*5  gin.  in  1  per  cent,  solution  reduces  98  cc. 
of  Fehling  (undiluted),  or  94  c.c.  of  Fehling  (diluted  with 
4  volumes  of  water). 

Ratio  of  reduction,  1   :  9*8—1   :  9*4. 

Dilution  lessens  the  reducing  power  to  the  same  extent  as  with 
dextrose  and  invert  sugar.  Excess  of  copper  raises  the  reducing 
power,  but  to  somewhat  slighter  extent  than  with  dextrose  and 
invert  sugar. 

Lendoae  (calculated  from  the  results  with  dextrose  and  invert 
sugar). — 0*5  gm.  in  1  per  cent  solution  reduces  97*2  c.c.  of 
Fehling  (undiluted),  or  93  cc.  of  Fehling  (diluted  with  4  volumes 
of  water). 


1 


..f  reduction,  I  :  9*72—1  :  9*& 
Dilation  and  excess  <>f  copper  act  res]  is  with,  dextrose 

ml  invert  sugar.     T  -  probably 

i  that  of  gal 

(made  by  heating  ordinary  milk  sugar  with 

■   ni-il  t<>  that  "t"   invert  BQgST. 

i      u  1  par  cant  solution  redin m  BM  < 
ehling  (undihiV    I,  oi   67'fi  o»c  ,.f  Fohling  (diluted  with  -i 

Ratio  of  reduction,  1  :  6-09—1  :  G  41. 

the  reducing  power.     Excess  <<f  copper,  lias  no 
with   undiluted    Fohling,  bat  in  highly  dilute  sohrtiona 
reducing  power  to  n  slight  exl 

With  i  of  ih«:  determination  of  sugar  in  diabetic 

Ens  i  win  re,  owing  to    I         istanfe  formation  of  ammonia,  some  of 
tired  and  jwisses  through  the  filter,  and 
end  "f  the  reaction  must  bo  decided,  w  nana],  bj 
■    of  the  blue  colour),  the  following  plan  is  ad 
>r  the  -  l  of  the  v«j  ire.     The  approxunul 

the  auger  aoluti  I  determined  in  the  OBUaJ  manner,  bj 

ppearance  of  the  blue,  operating  on  26  <■.<■.  Fehling.    The 
ilntion  is  now  diluted  so  as  bo  I'ontiiin  1  percent  of  the 
ml  the  determination  is  proceeded  iritfc  m  described  above, 
sating  on  50  <-.<■.  Fohling,  undiluted  with  water, 
In  tl  i  Quids,  the  indication  with  potaasic 

aride  is  difficult  to  recognize,  the  reaction  with  snlphuj 
ving  "till  worse  results.     In 
dopted  ; — The  ultra te  is  boiled  with  a  few  dro 
ihttion  in  a  beaker,  allowed  *>■  and  then  pc 

rides  of  the  beaker  with  a  piece  <>f  white 
il  will  h  coloured  red  if  wry  copper  .still  remain  in  ■' 

Tip  xhlet  appends  to  these  axperunanta  are 

thus  classified  : — 

(1)     The  reducing  power  of  inverted  sugar,  for  alkaline  copper  solution.  Il 
tlv   influenced  by  the  concentration  uf   the  ■olattons:    a  n 
-if  Rugnr  being  reaaired  to  decompose  Fehling's  selution  in  tbfi 
i  when  il   is  diluted  with  1,  aes  of  water, 

igar  solution  bo  added  to  tho  cold  or  boiling 
. 

rted  sugar  acts  on  :i  larger  quantity  of  copper  solution  than  it 

reduce,  it*  reducing  power  will  be  increased,  the  increment 

rin  exccM  and  the ceaeoni 

1  ;    in  the  previous  experiments  the  equivalent!  varied 

1      9T  to  1  :   12*6,  Hum.'  uinnbers  lieing  by  no  means  the  limit  of 

i  *ion. 

I  inverted  sugar  by  maun  of  Foaling*! 
reduced  b)  each  addition  of  sugar 

•  creasing  quantity  ;  the  rasolla  obtained  are  therefore  perfectly 
iptrical,  and  are  only  true  of  that  particular  set  uf  conditions. 
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(4)  The  statement  that  1  equivalent  of  inverted  sugar  reduces  10 
equivalents  of  cupric  oxide  is  not  true,  the  hypothesis  that  0'5  gm.  inverted 
sugar  reduces  100  c.c.  of  Feuling's  solution  being  shown  to  be  incorrect; 
the  real  amount  under  the  conditions  laid  down  byFehling(l  volume  of 
alkaline  copper  solution,  4  volumes  of  water,  sugar  solution  ft — 1  per  cent) 
being  97  c.c,  the  results  obtained  under  this  hypothesis  are,  therefore,  3  per 
cent,  too  low.  Where,  however,  the  above  conditions  have  been  fulfilled,  the 
results,  although  not  absolutely,  are  relatively  correct ;  not  so,  however,  those 
obtained  by  gravimetric  processes,  since  the  interference  of  concentration  and 
excess  has  not  been  previously  recognized. 

The  behaviour  of  the  sugars  with  alkaline  mercury  solutions  was  tested 
both  with  Knapp's  solution  (alkaline  mercuric  cyanide)  and  Sachsse's 
solution  (alkaline  mercuric  iodide  in  potassio  iodide). 

It  was  found  that  different  results  are  obtained  from  Knapp's  solutions, 
according  as  the  sugar  solution  is  added  gradually,  or  all  at  once ;  when 
gradually  added  more  sugar  being  required ;  with  Sachsse's,  however,  the 
reverse  is  the  case. 

To  get  comparable  results  the  sugar  must  be  added  all  at  once,  the  solution 
boiled  for  two  or  three  minutes,  and  the  liquid  tested  for  mercury,  always 
using  the  same  indicator;  in  using  the  alkaline  tin  solution  as  indicator, 
0*200 — 0202  gm.  of  grape  sugar  was  always  required  for  100  c.c.  Knapp, 
in  a  large  number  of  experiments.  It  is  remarkable  that  these  two  solutions, 
although  containing  almost  exactly  the  same  amount  of  mercury,  require 
very  different  quantities  of  sugar  to  reduce  equal  volumes  of  them.  This  is 
shown  to  be  due,  to  a  great  extent,  to  the  different  amounts  of  alkali  present 
in  them. 

The  amounts  of  mercury  solutions  which  1  gm.  of  sugar  in 
1  per  cent,  solution  reduces  are : — 

Grape  sugar 497*5  c.c.  (Knapp),  302*5  cc  (Sachsse). 

Invert  sugar 502*5  „  376*0  „ 

Levulose  508*5  „  449*5  „ 

Milk  sugar   322*5  „  214*5 

Galactose 413*0  „  226*0  „ 

Inverted  milk  sugar  448*0  „  258*0  „ 

Maltose     3175  „  197*6 

The  various  sugars  have  different  reducing  powers  for  the  alkaline 
mercury  solutions,  and  there  is  no  definite  relation  between  the 
amount  of  Knapp's  and  Sachsse's  solutions  required  by  them; 
the  amount  of  Sachsse's  solution,  to  which  100  cc  Knapp's 
correspond,  varying  from  54*7  cc.  in  the  case  of  galactose,  to 
74*8  c.c.  in  the  case  of  invert  sugar. 

Taking  the  reducing  power  of  grape  sugar  =100,  the  reducing 
powers  of  the  other  sugars  are : — 

Fehling- (undiluted).        Knapp.  Sachsse. 

Grape  sugar    100  100  100 

Invert  sugar   96*2  99*0  124*5 

Levulose  (calculated) 92*4  102*2  148*6 

Milk  sugar 70*3  64*9  70*9 

Galactose    93*2  83*0  74*8 

Inverted  milk  sugar  96*2  90'0  85*5 

Maltose  610  63'8  65*0 


Tip-  two  mercury  method*  bAi     i        outage  in  poinl 

tvonienca  over  Folding's  method,  tl  if  letter  having  1 1 1 *_■ 
"nut  of  tli«-  greet  certainty  at  the  point  of  which 
bed. 
'Hi--  mercury  methods  are,  however,  oi  greet  importance,  Wh 

a   tin'    I'li'iitificatioii   of    ;i  sugar  and   for   the  estimation  of   two 
ace   of    each    other,   u    proposed    by    Sachsso, 
■ ,  in  tin1  estimation  of   grape  and   invert  Began  in 
i    of  each  other,  then-  are  the  two  equations :  oz+fi 


Where — 

«=  number  ^t'  !  •  ■.<■ 
„ 

M 

So 


Fehling,  reduced  by  I  gm.  grape  buj 

unn 
Bacnese         t,  H         grape  su, 

imvn  sugar. 
Fehling,  used  for  1  vol  sugar  solution. 
Sac!  „  ,,  „ 

£■»  amount  "f  grape  sugar  in  gma.  in  1  voL  of  the  solution 
j  -  h        invert  sugar  „  M  „ 

It  need  hardly  he  mentioned  that  the  above,  like  all  other  tndirei  t 

tethods,  I  room  for  ii  icy ;  but  nevertheless  the 

■nibiiMtion  of  ii  mercury  method  with  i  copper  method  in  the 

•rminatioxj  ol  a  sugar  whoee  nature  i:-  i  ly  known,  gives 

I !  result  than  the  hitherto  adopted  plan,  by  which 

solution  that  reduced  10  cc.  Frilling  win  said  to  contain  0*0 

0.  &  Abstracts,  1880,  7 


an 


Sidersky's   Method. 

is  |  -  found  great  favour  among  French,  sugar  exp 

baaed  on  the  use  »>f  Soldaini's  cupric  solution,  which  was 
1   to   remi  faults  common  to  Fehling  and   other 

pper      i  itoining  tortrnted  ami  caustic  or  Qarhonated 

Tin    liquid  ts  prepared,  acoording  to  Dege&er,  in  the  following 
buuuv  a  of  cupric  sulphate  ii  diaeolvad  in  water,  and,  in 

teasel,  LOgm.0?  sodio  carbonate  solved  in  water, 

solutions  are  mixed,  and  the  copper  precipitated  is 

tie.     Tin-  precipitate   is   washed   with 
and  dried.    Thin  pi  very  con- 

Lling  solution   of    bicarbonate  of    potash  (about 
gm.)  and  agitated  until  the  whole  is  oonrpletely  or  m 
fred,  v  idded  bo  form  a  volume  "f  1400  txc,  and  the 

[■•[  two  hours  ti]H in  d  water-bath.  luble 

anil  tli>-  filtrati  ig,  ia  -if  a  deep  blue 

r.     The  sensibility  of  this  liquid  is  so  great  that  it  gii 
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deeidi  i  with  0<H)11  giu.  of  invert  sugar.     1 

lotion  increases  this  sensibility  -till  moi 
Sidersky  lias  recently  offered  a  new  volumetric  met] 
r"    Soldaini's  solution.      With  . 
method  us  is  now  in  me  with  Fehlinj 
followed,   watching   the   diaapiiearance   of    the   blue 
testing  the  end   with  fcrrocyanide  and  acetic  acid.     T 

00  serious  objections  common  to   l 

inapplicable  to  coloured  sugar  aohitii  For 

the  wt  the  followin  >mmended: — 25  gm.  of  luoluases  are 

'•.  ed  in   100  o,c  of  water  and  sul* 
sufficient  quantities  t<>  ]■:  the  impui 

raised  to  200  cc.  and   filtered.     To    100  C.c  of   the  fUtr, 
added    26  <  .< .   of    coocentrated   solution  of   carbonat 
agitated,  ind  filtered  again.     100  tc  <>f  the  second  '  ' 
excess  of  lead  removed  is  taken  foi 

100  c.r.  of  Soldaini's  solution  is  placed  in  o  flask  and  heat 
minutes  over  an  open  flume.     The  sugar  solution  is 
little  by  little,  ami  the  heating  continued  for  five  minuN 
the  heat  Ea  withdrawn  and  cooled  ag  in  100 

water,  and  Altered   through  a  Swedish   filter,  washed  with  hot 
water,  letting  each  washing  run  "11'  before  another  Thirt' 

or  four  washings  will  generally  remove   completely   the  alkaline 
reaction.     The  precipitate  is  then  wash*;  h  a  hole  in  ih»- 

Hlter  into  a  flaak,  removing  the  last  trace  of  copper.     25 

1  sulphuric  acid   is  added   with   two  <»r  tl 
oblorate  of  potash,  and  the  whole  gently  heated  t<>  ♦.! 
pletely  the  oxide  of    copper,  which   is  transformed    ii 
sulphate.      Tin1   excess   of    sulphuric  acid    i<    d< 
standard   ammonia   eolation    (semi-normal),   «»f    whirl 

ttoi  i^  the  sulphate  <»f  copper  itself.     Win 
colour  gives  place  to  a  greenish  tinge  the  titration  Lb  completed. 
The  method  <>f  titration  is  (^rformed  as  follows:      (i 
■    atento  "f  tin*  flask,  a  quantity  of  ammonia  *» 
25   c.c.    of    normal    sulphuric    acid    is   added.      From    a    I 
graduated  into  one-tenth  cc  standard  sulphu 
in  drop  by  drop,  agitating  after  each  addition.     Tin*  blue 
disappears  with  each  addition  to  reappear  after  shaku 
the  last  trace  of  ammonia  in  saturated  the  titi.it 
which  is  known  by  ;i  very  feeble  greeni 
cc   is  read  from  the  burette,  which  is  equi  the  copper 

i  bated.     The  equivalent  ««f  copper  bein 
norma)   acid   equivalent  is  0'0317  of   copper.     Multiplyin 

i  found  by  3546  tlie  invert  sugar  is  found,     A  blank  til 
tely  determine  the  Might  excess  which 
tin*  pale  gTSGlD  tinge.* 


*  Koport  of  E'i-occcdinKB  of   Fifth  Annual  Convention  of  the  American  Anoci*tioa 
o!  Official  agricultural  ChsmlaU  (188S). 
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Pivy'i   modified  Fehlinsr   Process. 

This   method    consists   In   adding  ammonia    t«>   tin-    ordinary 
ehlinj  ii,  by  which  means  the  precipitation  erf  •  uprous 

idi  i  ',  the  end  of  the  reflation  being  shown  by 

ie  disappearance  ol  the  blue  colour  in  a  pt  lutiun 

a  -V.  xxxix.  77). 
Tin-  solution  anally  recommended  by   PflTy  at  equivalent  in 
to  lli(!  usual   Fehling  teat  is  made  u  follows ^—Cupric 
Lphate  54*65  gm.,  RocbeOe  salt  170  gni.,  caustic  potash  170  rbl. 
!  t"  I  Liter  with  distilled  water.     120  cc.  are  then  mixed 
itli  -loo  cc  of  ammonia (sp,  gr»  0*68)  and  diluted  to  a  liter.    This 
plid  constitutes  the  Favy-Fehling  solution,  of  which  10  cc  = 
■j.  Fehling,  the  ghienee  reduction  ratio  being  1  to  ft  instead  of 
1  :  hitherto  accepted  in  the  ease  ol  Fehling;    If 

11  stoppered  it  keeps  perfectly. 

its  of  II-  fa  .v  \\xiv.  197)  and  Foehida 

liii.  M),  as  also  mv  own,  show  tlmt  the  rati-*  of  reduction 
influenced  by  the  amount  of  fixed  caustic  alkali  in  the 
lutiun  and  by  the  strength  of  the  ammonia,  oonsequantlj   fehc 
nils  can  only  be  depended  on  when  the  solution  i.<  standardized 
let  precisely  the  same  conditions  as  are  adopted  in  the  m 
lysis.    The  variations  with  sugars,  other  than  dextrose,  appear 
the  ..Mil    d  the  uanal  Fehling  pro< . 
to  avoid  the  nuisance  of  filling  the  laboratory  with 
:  vapours,  the  titration  should  be  made  En  ■  small 
i! ask,  through  the  cork  "f  which  the  elongated  end  of,  the 
is  passed.     A  snuill  escape  tube  is  also  passed  through  the 
•rk,  leading  into  a  vessel  containing  water  «»r  -weak  acid,  in 
i     ammonia.     Tlie  titration  should  in  all  i 
made  as  quicklj  11  le, 

BtlUtagfleet  Johnson  (C,  .v  dvii  57)  points  oa1  thai  hi  due  process 

is  possible  to  verify  the  result*  of  titration  ou  oue  and  the  tame  portion  of 
■  lotion,  by  passing  air  in  sufficient  volume  through  the  liquid  to 
ixidize  the  reduced  copper  to  the  blue  cupric  atate. 
In  carrying  out  thlt  arrangement  it  is  necessary  to  use  a  wide-mouthed 
flask  having  a  cork  with  three  holes— one  for  the  burette  spit,  ouo  for 
escape  tub.  .irrying  a  tube  reaching  to  the  bottom 

flask,  and  to  whi  ied  a  Dancer's  aspirator.    About  H  liter  of  sir 

passed  through  in  fifteen  minutes  suffices  to  restore  the  full  colour,  the  liquid 
being  kept  boiling  the  whole  time.     It  is  hardly  necessary  to  »ay  that  a  larger 
than  usual  of  NH1  must  be  used  in  order  to  prevent  precipitation  of 
'O  by  loss  on  long  boiling.     This,  it  appears  to  me,  il  a  sariofu  drawback 
■  conditions  of  titration  cannot  Ik*  the  Mine. 


Tin-  i  U  adapted   for 

id    milk,   also   mixtures   <>f    mux   an* 

dvantago  oyer  the  ordinary  Fehling  method  by 

1 1  i'ii. 


the  examination  of  din' 

milk    and    cane    SUgara,    and 
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Some   technical   applications  of  these   Solutions  for  mixtures  of 
various  Sugars. 


It.  OS] 

but  with  caw  and  practice,  accompani 
ditiotw,   they  tiro  pi  kjiable  <>f   the   beat   poaaible 

whatever  methods  i 


Cane    Sugar,    Grape    Sug-ar,    and    Dextrine    (B » a rd    and    Pe  J  f .: 
Z.  a.  ■  :~j).     Tli--  lolutioD  containing  these  throo  forms  U 

titrated  with  the  and  Fettling  solution  tor  grape  sugar.    A  second  pa 
ta  Doile  Ufa  acid  (which  only  inverts  cane  sugar)  ami  tit™ 

Finally.   B   third   portion   i*  completely  inverted  with  sulpha 
titrated.     The  difference*  of  the  first  and  second  titrations  gives  the  ouk 
sugar,  snd  that  of  tho  second  and  third  the  dextrine. 


i  let, 

rtfoa 

ated. 


traliic. 

Eeranos 


Milk  and  Cane  Sugar. — If  tho  estimation  of    milk  sugar  is  all 
quired,  n ml  by  the  usual   Fettling  solution,  the  Ossein  sod  albumen  must 
be  first  removed.    Acidify  the  liquid  with  a  few  drop?  of  acetic  acid,  nnn 
until  coagulation  is  effected,  and  filter.     Uoil  the  filtrat 
albumen.     Filter  a 

sugar  by  the  copper  teat.     The  number  of  0.0.  of  Pohling's  solution  re- 
quired,  multiplied    by  OO0t>7  re    Mk*   weight   of    milk    BO 
mms.     Direct  estimation  by  Pavy-Fehling  is  preferable- to  this 
Cane  sugar  in  presence  of  milk  sugar  may  be  estimated  a*  follows : — Dilute 
the  milk  to  ton  times  its  hulk,  baring  pi.  with  a  little 
citric  acid,  alter,  and  make  up  to  a  definite  volume,  titrate  a  ]-ri 
Favy-Fehling  solution,  and  note  tho  result.     Thou  take  100  o 
filtrate,  add  2  gin.  of  citric  acid,  and  boil  for  10  minutes,  cool,  i. 
maki-                               i  titrate  with  copper  .solution  as  before.     TfaodhTi 
between  the  reducing  powers  of  the  solutions  before  and  after 
due  to  the  cane  sugar,  the  milk  sugar  not  being  affected  by  citric  ;. 

Stokes  and  Boduier  {Analyst,  x,  62)  have  experimented  1 
method,  and  with  satisfactory  results.     'I  kdopted   by  them 

40  c.c.  of  Pavy-Fchliug  liquid  (=0-02  gm.  glucose),  and  to  dilute  the 
sugar  solution  (without  previous  coagulation),  so  that  Crom  8  to  12  c.c.  are 
1  for  reduction.     By  using  i  tnp  on  the  ruhber  hurt  tie  tube. 

tho  sugar  solution  is  allowed  to  drop  into  the  boiling  liquid  at  a  moderate 
rate.     If  Cu-0  should  be  precipitated  before  the  colour  .  *  Ercss 

trial  must  be  made,  adding  tho  bulk  of  the  then   finish 

drone.     If.  on  tlie  other  bond,  tho  sugar  has  been  run  in  to  excess,  which 
owing  to  tho  rather  slow  reaction  is  easily  done,  fresh  trial  must  be  again 
made  until  1  he  proper  point  is  reached  :  this  gives  the  milk  sugar.    Mean- 
while  a  portion  ol  the  mixed  sugar  solution  is  boiled  with  '-' 
citric  add,  neutralized  with  NH3,  made  up  to  double  its  origins]  Tolas 
hi-  before. 


The  ive  determine*]  tlic   radat  milk, 

cane,  and  grape  BUgar  on  the  Pavy-Fehling  liquid,  the 
being  that  100  lactose  represents   n  62  r  49*1 

The   Pavy-Fehling  liquid   is  admirably  adapted  f><i    bin 
[nation  of  lactose  in  milk  direct  after  dilution, 
neccasury. 


i  ilUK. 
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SULPHUR. 

8-32. 

Estimation    in    Pyrites,    Ores,    Residues,    etc. 
1.    Alkali  me  trie    Method    (P  e  1  o  u  b  e) . 

Tins  procese,  designed  for  the  rapid  eetimnl  ion  of  sulphur 

in  iron  ;in«l   i  hoe  hitherto  been  thought  tolerably 

accurate,  but  i  has  shown  that  it  cannot  In  reHed  upon 

i-t  for  rough  terbium  1  pHi|M>ses. 

Tl»t*  i  1  on  the  fact,  thai  when  a  sulphide  fa  ignited 

with  pofaflfrir  chlorate  and  iodic  carbonate, the  arclpnm  rtad 

.titir.h  into  sulph  i  vliirh  ax  pels  its  equivalent proporl 

of  carbonii  acid  from  the  soda,  forming  neutral  sodic  sulphate;  if 

tin  .  accurately   weighed   quantity  of    the  substance   be 

d  with  n  known  weight  ox  pure  iodic  ca  .  and 

the  resulting  mass  titrated  with  noamd  acid,  to  find  the  quantify 

of    unaltered   carbonate,   the    proportion   of    sulphur    is  readily 

olatet)  from  the  difference  between  theTohuneol  norraalacid 

raquirad  ite   the  original  caxbonste,  and    th.it  actually 

required  after  tin*  ignition. 

It  i  to  take  1  gm.  of  the  finely  levigated  pvrifeee,  and 

5*3  gm.  of  pure  iodic  carbonate  for  each  assay;  and  as  5-3  gm.  of 

present  100  ca  of  normal  sulphuric  acid,  it  is 

,  t<.  subtract  thu  number  «'l*  cc  used  after  the  ignit 

from  loo,  and  multiply  the  remainder  by  0010,  in  order  t<>  arrive 

.ii  the  weight  of  sulphur  in  the  1  gm  of  pyrites,  and  by  moving 

decimal  point  twoplao    to  the  right,  the  pen 

Example-  l  gm.  of  finely  ground  Faff  was  nixed  inJimoMm who  5*3  ^m. 

carbonate,  and  about?  uru.  each  of  putawic  chlorate,  and  decrepitated 

d   powder;  then  introduced  into  a  platinum  crucible,  and 

nadoalt j  exposed  in  n  dull  rod  hcai  for  tenmlnntai;  the  ornotbla  suffered 

to  cool,  and  warm  water  added  ;  the  wlution  SO  obtained  Wis  brought  on  a 

moistcued  filter,  the  residue  emptied  into  a  beaker  and  boiled  with  a  large 

itity  of  water,  brought  on  the  hltor,  and  washed  with  boiling  water  till 

all  viable  matter  was  removed;  tin*  nitrate  coloured  with  methyl  onoge, 

and  titroted.     v.;  >nnalaeid  wort1,  required,  which  diHluettil  from  100, 

left  33  axi ;  this  multiplied  by  0016  gave 0'528  gm.  or  528  per  eeut.  S. 

The   most   Bati  tiK'thml   of   estimating   the   sulphur   in 

nyril  tor    the    manufacture   of    sulphuric    acid,   fa    tlw 

m    bj   l.'i  -•  ,  and  which  consisti    in  beating  the 
finely  dn  .  frith  atjua  ,  mg  to  dryness,  expelling 

UNu  '  bj  EIC1,  removing  Fe  from  the  solution  by  ammonia,  then 
pToci  the    sulphur    us   baric    sulphate.      Full    details   are 

given  in  th.-  Alkali  Wit/,'/*  Pocket 

Burnt  pyrites.    The   only   satisfactory    volumetric   method   of 
ng   the   sulphui    iii    the  ■,  in   that 

t  by  Watson  {J.  S.  C,  /.  vii  305X  and  which  Is  in  i 


I 


huge  alkali  works.     In  order  tu  avoid 
adopts  the  following  method* — 
Standard  Hydrochloric  Add.— 1  c,c-Q02gm.  .V- 
Sodic  bicarbonate. — This  may  he  the 
Imt  its  exact  alkalinity  mi  ertoinod  i 

a  number  of  analyses  ore  being 
the  suit  ahoold  )«■  wall  mixed,  and  kept  in  a  stoppered  bottl 

alkalinity  hating  been  ■•■  determined    it  will  not 

though  daily  opanj  (L 

The  Attalt/tU:  2  gin.  of  bicarbonate  is  placed  in  a  crucible  which  c 
cither  of  pUtinui  ,  »»r  nickel, 

finely  powdered  ore.   then   ultimately  mixed   with  a  flaJ  ka   rod. 

Heat  (gently  over  a  IJunson  burner  for  5  or  10  minute*,  and  brcik  op  the 
mas*  wi lit  u  stout  ----pper  wire.  After  tturiitg,  the  boat  i-  incr-med  and 
OOUtLuuad  for  LOOT  lf>  nttunte*).     Tin'  --nn-iblo  jth  h"l 

water  into  a  beaker.    The  mixture  [s  boiled  tor  16  ml  mi  tar 
the  residue  washed  repeatedly  with  hoi  9 

iilanl  mid,  aatag  methyl  oranK'i"'  at  indiaator. 

Example:  2  irm.  of  the  biearboiM.  -My  required  37  5  CC  of  acid. 

After  ignition  with  the  ore,  28  cc  idod  by 

5  mil  give  19,  which  is  the  percentage  of  total  sulphur  in  the  ore. 

This  total  sulphur  includes  that  which  i 
raid  which  i  liable  for  acid  making.     In  order  to  i   i 

amount  of  thi^  soluble  sulphur,  Watson  boils  5*16  gin.  of  I 
with   5  cc  of  standard   sodic  carlamate  (1  cc«0*05] 
diluted  with  water,  for  15  minutes,     After  \W 
the  filtrate  is  titrated  with  tin-  standard  hvdrochloi  ad  the 

difference  between  the  volume  used  and  that  which  was  originally 
required  For  B  cc  of  the  soda  solution  La  divided  by  5,  as  in  th* 
case  of  the  former  process,  which  givea  at  once  tl 
sulphur  existing  in  the  ore  in  a  soluble   form.      ! 
not  absolutely  exact,  but  quite  near  enough  to  guide  n  maniimctuiv 
in  tin*  working  of  the  furnaces. 

This  met!  ;  available  for  green  pyril 


2.      Estimation    of   Sulphur    In    Coal    Oar 

A  most  convenient  and  accurate  process  for  this  estimal 
that  of  Wildenstein  (£  73.2).     Tin*  liquid 
the  measured  gas  in  :i  Letheb>  oi    Vi  rnon   II  m  i  ourt  rt".i]j 
is  well  mixed,  and  brought  k>  a  definite  voltunc  ;  .i   poi 
senting  a  known  number  of  cubic  feet  of  gas  is  thi 

porcelain,  or  plotiniuu   basin,  acidified  iritl     Ik'!. 

heated  to  boiling,  and  a  measured  excess  ■  -.lurid* 

added ;    tin  oJ      ■  id    is   tin  i  d    with 

ammonia  (free  from  carh  I  the  excess  of  barium 

tained  d  erd   potassic   chroi  ily   as  described    m 

|  .&2. 
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Tin-  nHiml  method  "f  stating  results  ia  in  grains  <»f  sulphur  jkt 
;•..    This  mav  be  done  very  readily  by  using 
wsni'Dumuil  solutions  *>f  bario  chloride  and  potaaaio  chroni 

M:,  ;i!il  multiplying  tbe  number  <<f  <.c.  of  boric 
solution  required  with  tin-  factor  0*1234,  which  at  once  gives  the 
,.:  of  rmlprrur  in  gi 

!  solutions  can  «"f  course  be  made  in  the  sane  manner 
on  the  grain  system. 


3.      Estimation    of   Sulphur    in    Sulphides    decomposable    by 
Hydrochloric    or    Sulphuric    Acids    ("Wei  1) . 

rmniunicated  to  me  by  .M.  Weil,  is  based  cm  bhe 

i        ■     ■  sulphides  where  the  whole  of  the  Bulphux 

ran  off  as  H-s  1,\  heating  with  HC1  or  H-so\  the  B 

evolved  into  an  exoeaa  <»f  a  standard  alkaline  copper  solution. 

After  tlie  action  is  complete,  the  amount  of  Cu  left  unreduced  i« 

latcd  by  standard  stannous  chloride.     The  method  i»  available 

the  sulphide*  of  lead,  antimony,  line,  iron,  etc     Operators 

ehould  commit  and  practise  the  methods  described  in  ^  54.0,  in 

ordi  i  t<»  become  a. .  tistnmttl  t«»  tin-  >j>i-ciai  reaction  Involved. 

The  Analyst;  From  1  to  10  ML  of  material  (according  to  its  richness  in 
putphm*)  ie  liit?  (meal  state  of  uTunon,are  put  into  a  tang  necked  Husk  of 

i*  fitted  :i  bent  delivery  tube,  so  arranged  as 

Lip  to  the  bottom  of  a  tall  cylinder,  containing  5u  or  lOu  lard 

.  r  solution  made  by  dissolving  30'523  gm.  *>f  onprta  sulphate,  200  gin. 

r  gait  and   12.'j  t;io.  of  pure  caustic  soda  in  water,  and  diluting  to 

mi   Cu}.     When  this  is  ready,  a  few  pieces  of  ^ranulatou 

idded  to  tin-  sulphide.    78  * v.  of  strong  H.C1  are  then  jwured  over 

i,  the  oork  with  delivery  tube  immediately  Inserted,  oounected  with  the 

ropptf  solution,  and  the  Bask  heated  od  ataiid-bath  until  all  evolution  of 

Il-s  is  i  rided.    The  blue  solution  and  black  precipitate  are  then  brought  on 

nd  washings  collected  in  a  200  or  25o  CO,  disk,  and  diluted 

to  the  mark  ;  JO    ■••   of  tbe  olear  blur  liquid  are  then  measured  into  u  boiling 

tporated   t<i  lo  or  16  c.C,     86  to  60  Ojo.  of  strong  H CI  are  then 

ndard  tin  solution  dropped  in  while  boiling,  uutil  the  blue 

give*  pi  issr  pure  yellow. 

<-.■-.  of  standard  oopper  solution  ropreaente  0-50393  gm, 

Ijdiur.     Tbe  addition   of    the    granulated   line    hcUitatea  tin? 

Lion  of  the   Il-s,  and  swoeps   it  out  of  the  flask;  moi 

in  the  case  <<f  dealing  with  lead  sulphide,  which  forms  insoluble 

load  chloride,  it  nini  imposition.      Alkaline 

iitton  of  copper  may  l>c  used  in  place  of  ammoniacal 

rcil. 

KramjiUr  (Wet  li      1  L.'fn.  of  galena  was  taken,  nnd   the  gM  delivered  into 

i    '>5  gin.  Cu).    After  ooarplel 
>i  the   blue  liquid   was   il  luted    to  200  >  c,     20  c.c.  of  this  required 
us  chloride,  the  litreof  which  was  16*5  cc.   for  0  i 
1  I  t:     11*5:0/0808.      Thus  20 

w  0*303  «n- 197  Km,  for  1  gm. 
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galena  or  19*7  for  100  gm.  Consequently  19*7  x  0*50393=9*92  per  cent.  S. 
Estimation  by  weight  gave  9*85  per  cent.  Again,  1  gm.  zinc  sulphide  wis 
taken  with  100  c.c.  copper  solution  and  made  up  to  260  ex.,  25  c.c.  of  which 
required  14*3  c.c.  of  same  stannous  chloride,  or  143  c.c.  for  the  1  gm. 
sulphide.  This  represento  0847  gm.  Cu.  Thus  1—0-347 -=0*663  gm.  Cu 
(precipitated  as  CuS)  or  65*3  per  100.  Consequently  653 x 0*50393=32^ 
per  cent.  S.    Control  estimation  by  weight  gave  33  per  cent. 

The  process  has  given  me  good  technical  results  with  Sb*Ss,  hut 
the  proportion  of  sulphur  to  copi>er  is  too  great  to  expect  strict 
accuracy. 


4.    Estimation  of  Alkaline  Sulphides  by  Standard  Zinc  Solution. 

This  method,  which  is  simply  a  counterpart  of  §  78.3,  is 
especially  applicable  for  the  technical  determination  of  alkaline 
sulphides  in  impure  alkalies,  mother-liquors,  etc 

If  the  zinc  solution  he  made  by  dissolving  3*253  gm.  of  pure 
metallic  zinc  in  hydrochloric  acid,  supersaturating  with  ammonia, 
and  diluting  to  1  liter,  or  32*53  grn.  to  1000  dm.,  1  c.c.  or  dm. 
will  respectively  indicate — 

0*0016  gm.  or  0-016  grn.  Sulphur 

00039     „  0-039     „  Sodic  sulphide 

0*00551  „  0-0551  „  Potassic  sulphide 

00034     „  0*034     „  Amnionic  sulphide. 

The  zinc  solution  is  added  from  a  burette  until  no  dark  colour  is 
shown,  when  a  drop  is  brought  in  contact  with  solution  of  nickel 
protochloride  spread  in  drops  on  a  white  porcelain  tile. 


6.     Sulphurous   Acid   and   Sulphites. 

The  difficulties  formerly  presented  in  the  iodometric  analyses  of 
these  sul>stances  are  now  fortunately  quite  overcome  by  the 
mollification  devised  by  Giles  and  Shearer  {J.  S..  C.  I.  iii.  197 
and  iv.  303).  A  valuable  series  of  experiments  on  the  estimation 
of  SO2,  either  free  or  combined,  are  detailed  in  these  papers.  The 
modifi cation  is  both  simple  and  exact,  and  consists  in  adding  the 
weighed  SO2  or  the  sulphite  in  powder  to  a  measured  excess 
of  ^  iodine  without  dilution  with  water,  and  when  the  decomposi- 
tion is  complete,  titrating  back  with  -^  thiosxdphate.  Very  con- 
centrated solutions  of  SO2  are  cooled  by  a  freezing  mixture,  and 
enclosed  in  thin  bulbs,  which  can  be  broken  under  the  iodine 
solution :  this  is,  however,  not  required  with  the  ordinary  pre- 
jwirations.  Sulphites  and  bisulphites  of  the  alkalies  and  alkaline 
earths,  also  zinc  and  aluminium,  may  all  be  titrated  in  this  way 
with  accuracy;  the  less  soluble  salts,  of  course,  requiring  more 
time  ami  agitation  to  ensure  their  decomposition.  A  preliminary 
titration  is  first  made  with  a  considerable  excess  of  iodine,  and 
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more  moderate  excess  as  i ridiculed  by  tUe  first 
trial.     I  «line  = 0*0032  gm.  s> 

The  i  Found  that  when  perfectly  pare  iodine  ami   d 

lc  iodide  were  used  for  tin-  standard  soluti  trength 

period ;   Kid    the   sane   with    the 

tlphutc,  if  the  addition  of  ah rbonate 

u.  tin-  liter  vm  made,  and  tin-  stock  i  kept  in  the  *iark  (tee 

U6> 
From  a  targe  number  <-f   experiments,  they  also  deduced  tin* 
simple    law  •  •(  given    pere  i    s<  t- 

iii  .1^11.  mii.-.  solution  at  15*  t  and  760  dloj 

y,   the   ]■«  n  "tiii-.-    found  by   titration    multiplied   b) 
and  added  t<>  unity  gives  the  sp.  gr. 


6.      Estimation    of    Mixtures    of    Alkaline    Sulphides,    Sulphites, 
and    Thiosulphates. 

Lunge  and  Smith  (./.  8,  C.  T,  ii    163)  b  1  tin* 

I    both   sulphites  and   thiosulphates   may  be   coanpletelj 
ooddiied    to  sulphates,  I-;.   treating    them  with  a  ha 

more  than  eufficienl  plete  oxidation 

iiotion  "l    MnO*.     An  exoBssof  standatd  fatrous sulphate 

dded,  tlion  titnitnl  back  with  permanganate  t<>  the  pink  ooloue. 

a  tlii>  reaction,  together  with  Hie  known  accurate  estimation  of 

ItHtli  of  these  con»i»oumhi  by  iodine,  in  the  absence  of  nitrates  and 

nitrites  or  other  similar  oxidizing  bodies,  they  have  founded  a  Ban 

and  rapid  volumetric  method,  which  gives  the  respective  proportions 

of  each  urring  together.     If  sulphides  axe  also 

ut,  their  amount  ia  firsl  ascertained  sejtarately  witL  standard 

i  v  il   /in.-  chloride.     The  whole  of    the   thn  oinds 

iiii^lit  be  oxidized  by  ]  ■  i  ite  il  so  chosen,  and  the  sulphide 

found  by  difference,  bul  thi  Ltion  is  aoid  t.»  be  better. 

Tin-  proo  two  titrations ;  one  with  iodine 

and  tli"  other  with  standard   pernlanguiate,  adding  the  latter  in 
to   the   slightly  -il'  neutral   solution,  ; 

ifying  with    U'SCH,  titrating  hmk  with   excess  of   standard 
tid  finishing  with  pemuuiganate. 
The  following  equations  represent  the  action  of  the  perman . 
and  iodine  respectively  : 

(1)  Na  i  I  i!  SO+IPSO*. 

(2)  l\,-Sn    ■  20        iNa-Su*. 

Nvs<o*+3Xai. 

V -':><''  I  L8+  H -"  0*+2HL 

I  p»f  sulphur  as  thiostdphate  oxidissd  t<» 

bate  1>;,   1  <-.<•-  of  KMuO1    olution.     Let  W1  equal  tli-  weight 

thiostdphate  acted  on  by  1  ■-.*■.  of  iodine  solution, 

[dent  from  the  above  equations  tliat  2W  i^.  t!i"  weight 


and 


310  VOLUMETRIC  ANALYSIS.  §   73. 

W1 

of  sulphur  as  sulphite  oxidized  by  1  c.c.  of  KMnO4  and  -t-  tliat 

4 

oxidized  by  1  c.c.  of  iodine.     In  the  given  mixture  let  8  —  weight 

of  sulphur  present  as  thiosulphate  and  s  -  ditto  as  sulphite,  K  = 

number  of  c.c.  KMnO4  and  N1  =  ditto  of  iodine  required. 

Then  ^  +  _^-r  =  x 

or  2S  +  *  =  2\VN  (1) 

S        4* 

or  S  +  ^WN1  (2) 

8S  +  4*  =  8\VX  (In) 

(la)— (2)        78  =  8WN  -  W$ 
.-.  8-K8WX-WK1) 
*  =  2WN  -  2S  =  2WX  -  4(8WN  -  W1^1)  (U) 

/.s-ffWOO-WN) 

An  advantage  in  point  of  accuracy  arises  from  the  fact  that  a 
unit  weight  of  sulphur  as  thiosulphate  requires  twice  the  amount 
of  KMnO4,  but  only  one-fourth  the  amount  of  1,  that  a  unit  of 
sulphur  as  sulphite  requires.  The  permanganate  method  is  there- 
fore more  accurate  for  an  estimation  of  the  former  and  the  iodine 
for  the  latter.  In  a  mixture  of  the  two,  the  experimental  errors 
tend  to  counteract  each  other. 

The  estimation  of  nitrites  in  the  presence  of  sulphites  and 
thiosulphate*.  has  been  described  in  S  67. 

Davis  has  devised  also  a  method  of  titrating  mixtures  of 
sulphides,  sulphites,  and  thiosulphates  (J.  8.  C.  I.  i.  88). 


SULPHUBXC    ACID    AND    SULPHATES. 

Monohydrated    Sulphuric    Acid. 

H*SO*-98. 

Sulphuric    Anhydride. 

SO3  =  80. 

1.  Kohr'i  Method. 

§  73.  The  indirect  process  devised  by  C.  Hohr  {Ann.  tier 
Client,  u.  I'Jtarw.  xv.  165)  consists  in  adding  a  known  volume  of 
bnric  solution  to  the  compound,  more  than  sufficient  to  precipitate 
the  HO3.  The  excess  of  barium  is  converted  into  carbonate,  and 
titrated  with  normal  acid  and  alkali.* 

Normal   .Katie   cldoride  is  made  by  dissolving  121'77  gin.   of 

*  Gawalowski  (Z.  a.  C.  xrrii.  152)  advocates  a  simplification  of  this  method  by 
titrating  the  excess  of  barium  with  standard  sodic  carbonate,  using  pbenolphthalein 
as  indicator,  but  the  results  in  my  bands  hare  proved  Terr  unsatisfactory. 


sri.i'in  IHU   A<  IIV 
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baric  chloride  In  the  liter;  th&  dilution  likewise 
;  SO9  by  the  direct  method. 
The  following  ii  the  method  t>f  procedure. 

If  the  instance  contain*  a  considerable  quantity  of  fron  tcAd,  i'  mint  be 

brought  near  to  neutrality  by  pure  Kwlic  carbonate;   if  alkaline,  sli-jhth 

d  with  hydrochloric  acid  ;  n  round  number  of  c.c.  of  Utiriiuu  lolnbon  in 

ices*  is  then  added,  and  the  whole  digested  in  a  warm  place  for  some  minuter; 

■mat  barium  la  precipitated  by  a  mixture  of  carbonate  and  fanatic 

;     excess;  if  a  piere  or  litmus  paper  bo  thrown  into  the 

mixture,  vcew  may  readily  be  avoided.    The  precipitate  containing 

both  nlphateand  carbonate  is  now  to  be  collected1  una  filter,  Lhoroiiirhh 

wajthed  with  boiling  water,  and  lif 

Thf  between  the  number  of  cc,  of  barium  solution 

added,  nml  that  of  normal  arid  required  for  1 1  * < *  oerbonnte,  will  In- 
ih-'  raetunire  of  the  mlphuric  lenl  ;  each  cc  of   barium 

solution  is  equal  to  0*040  gin.  SO8. 

Example.  2  irm.  of  pun  ami  dry  boric  nitrate,  and  I  gBL  of  pun*  potassin 
mixed,  and  precipitated  hot   with  carbonate  and 
precipitate,   after   being  thoroughly  washi  ! 
1*002  snn.  i  •  ihate,  instead  of  1  gm. 

For  technical  purpce  rably  shen  I 

the  following  modification,  which  dispenses  with  the  washing  of 
he  pn  i 

la  the  sulphates  or  lulphuria  add  b  Hr*t   r   i 
itra!;  normal  baric  chloride  is  then  added  in  BXOeea,  than   normal  wwlic 
"f  the  baric  chloride,  and  the  volume  of  both  solution.* 
I       made  up  to  200  or  300  cc.  in  a  flask,  and  so    i 
uttered  off  and  titrated  with  aormal  acid.    The  differcuco  between 
baric  chloride  and  wdic  [riTes  the  sulphuris  acid. 

The  solution  must  of  course  contain  do  substanci  bio  by 

sodio  carbonate  except  borium  (or  if  so,  it  must  be  previously 
viuoved) ;  nor   must   it   contain    any  substance    precipitable   by 

rium,  such  as  phosphoric  or  oxalic  acid 

Another  Fuxnlunetric  process  suitable  for  technical  jHirjKJses  is 
tint-  of  Bohlig  (§  28),  also  * !  rossmann  <?i  10.14). 


2. 


Titration    by    Baric    Chloride    and    Fotaaaic    Chroma te 
-Wlldensteln). 


To  the  hot  solution  containing  the  SO*  to  be  estimated  (which 

ir  if  acid,  neutralized  with  caustic  anunouia,  free 

tion  of  baric  chloride  is  added  in 

.   then   a    Dotation   ..f    i  chromate  -»f  known 

-ngth  is  cautiously  added  to  precipitate   the  exi  turium. 

:iv  barium  remains  in  excess,  the  impernatant  liquid  i.-* 

colonrlees  ;  when  it.  is  all  precipitated  the  liquid  is  yi  11  <w,  from  the 

i    few  dro|>s   onl)   >»f    tire    chromate 
neces*nrv  t«>  produce  a  di 


312 


VOLUMETRIC   ANALVSI& 


Wildenstein  solution,  of    wlin  h 

and  oiirotnate   1   ao,  =  0*010  gm.  "f  SO*.     I  pr 
tions,  bo  that   1   tc  <>f  each 
of  SO8.     It    tin-  chromato   solution   is  mode   equal    to  I 
chloride,  the  opcratox  has  simply  to  deduct  the  on  bar, 

in  otdez  to  obtein  the  quantity  of  baric  solution 
precipitate  all  the  84  * . 

The  Analyst*  :  The  substance  or  solutio  iutf  SO*  is  bmuirht  iiitn 

a  mull  BmIe,  diluted  to  about  50  i  1  ir  necessary  witii  11  * 

to  boiling,  and  precipitated  with  a  slight  excess  of  standard  ban> 
delivered  from  the  burette.     As  the  pro  -  from  n  boU 

i.  is  easy  to  avoid  a  /.hi.-lt  wouM 

the   liquid    from  clearing  so   speedily.     The    mixture    i-    thru 
neutralized  with  ammonia  free  from  carbonic  acid  (t«  bt  it  is 

to  it  t«o  or  three  drona  <>l  calcic  chloride  or    ■ 
The  flask  ii  then  heated  t<>  boiling, 
i  c,i',  or  so,  each   time  removing  the  IK-k  from   the   1 

liquid  is  of  a  light  yellow  col  rut* 

Looted  nrora  the  barium  solution,  and  the  remainder  calculated 
BO», 
Or  the  iniuure  with  barium  in  excess  may  bo  diluted  to  100  or  i5o 
thoprecrnSl  1  to  settle  thoroughly,  and  Io»r 

liquid  heat e<  1  to  boiling,  after  ni  ,  and  precipitated  with    111 

until  nil  the  barium  is  carried  down  ai  bane  ohromate,  leaving  the  liqoii 
a  light  yellow  colour ;  the  uoalysis  should   I  I  titration. 

The  process  has  yielded  me  vevy  satisfactory  results  in  n  with  the 

mii  method  bv  w  i  peculiarly  adapted  for  estimating  sulph  i 

BBS  Whan  burnt  h     III     betheby  sulphur  apparatus,  details  of  which  u 
found  on  page  306. 

The  presence  of  alkaline  and  earthy  salts  U  i 
Zn  and   <M  do  not   Interfere     Ni.   Co,   and   Cu   ■_ 
■  l  ifctone  which  prevent  the  yellow  chroniaU    being 
difficulty  can  be  overcome  by  tin 
tin-    excess   of    eliminate.     This  indii    I 
■oltttion,  made   by  mixing   together,   at   the  time    required, 
volume  of  [aire  ammonia  and  four  volumes  of  lead  at 
(1:20).     The  liquid  has  an  opalescent  appearance.     To 
indicator,  a  large  drop  i  upon  a  wh 

una  or  two   drops   of   the    liquid    under  titration   added  ;  it'  tin 
reddish-yellow    coloui   of   lead    cliromato  is  prod 

ess  of  chromate,  which    can  !»•  cautiously  reduced  b 
barium  until  the  ea  i  uz& 

Tree  lit  {'A.  a,  C.  1879,  521)  modifies  this  process  by  pi 
the  S( )''  vi  ith  ndnrd   haric  cl  ; 

removed  by  standard  potaaaic  chroinata  also  m  excess,  wh 
is  in  turn  estimated  by  weak  standard  rulphate,  the  and  of 

the  reaction  being  found  bv  spotting  the  liquid  on  a  white 
With  poturfe  ferrieviiniih'. 

I  can  so*  no  advantage  in  this  modification,  and  in  man*  cases  it 
would   he  totally  inadmissible,  owing  U-  the  •ncca 

affecting  the  ferrous  reagent 
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3.     Direct    Precipitation   with   Normal   Baric    Chloride. 


be  obtained    by   this    method   when 


\  'iy   good    n 

■  I  ■<!. 

The  Babatanoe  in  solution  u  t<>  be  isKtinsd  with  hydrochloric  Mid,  ' 

boiling,  mid  the  baric  solution  allowed  to  flow  c  no  the 

testae  noil!  aa  farther  precipitation  oo  ars,    The  and  "f  the  jrn>re**c*n 

i  bj  niu-rii:  (if  the  liquid,  and  testing  with 

drop  of  the  bvic  -oliitinn.     Benle's  filter  [shown  En  fig*  19)  Isaaood  aid 

ooh.    A  few  dp- 1  pemed  Inn  as  not  tube  end ■ 

baric  solution  added  from  the  baxette;  if  :i  ofoadineoi  ooaurs,  the 

of  the  tabes  musl  be  emptied  back  Again,  weaned  ant  into  the 

paid,  and  more  bark  solution  added  until  all  the  SO*  is  precipitated.    It  if* 

Tijablc 

nl  nf  tin-  [<  si  tube  f<T  finding  whether  barium  oi  snlpl 
•ill  is  in  exo  bhtck  glaHBrnaybnuHed,  an  whiob 

the  ■  b  ar  Bolotion  ia  placed  and  tested  by  eithei  a  drop  of  boric 

bloridi  sulphate,     thesi    i  sting  aolutiona  ore  preferably 

epl   in  two  nual]  bottles  with  elongated  stoppers.     A  still  better 

(dim  is  bo  spot  the  liquide  on  a  small  mirror,  aa  suggested  by 

Haddock  (u  A',  xxxix.  I56)j  the  faintest  reaction  oan  then  be 

igb  the  liquid  roaj  be  highly  Boloured, 

Wildetistein  has  arranged  another  method  to 

direct  predpitation,  eapecuilly  useful  when    a  eoa> 

of  estiniationa  have  to  be  nude.    The 

iwn  iu  fig,   11.     A  ia  i  bottle  of 

'J00  ox  10(H)  0*0.  capacity,  with  the  bottom  rem 

and   made  •  >(   well-annealed   glass  so  as  to  stand 

heating j  B  a  thistle  fanns]  bent  round,  aa  in  the 

and  this  oyphon  filter  ia  put  into  actios  by 

opening  thi  k  below  the  cork     The  mouth 

ox  the  funnel  is  first  tied  over  with  a  piece  <>f  One 

sloth,  then  two  thicknesses  of  Swedish  fitter 

paper]  and  again  with  a  piece  of  cotton  oloth,  the 

wli.de  being  securely  tied  with  waxed  thread. 

In   precipitatu  ixu  i\    i  hloride,   there   oo 

iniLir  to  t  i  id  aeutral  point  in  au^er assay,  when  in  one 

iid  the  same  solution  both  barium  and  sulphuric  add  after  a 

dilute  »>r  two  produce  a  cloudiness.     Owing  to  thia  carcnunBtanoB] 

ium  solution  must  not  \-  ooouot 

IMT-,  but  h\   its  working  effect  \  th  be  process 

•  considered  ended  when  the  addition  of  a  drop  or  two  of 

trimn  solution  gi  kfter  the  lapse  oi  two  Diumtes. 

Analtftis ;    The    solution   eonUiirurn;  the   SO*  being   prepared,  and 

hi  IK),  the  rassel  A  U  tilled  with  warm  distilled  water,  and  the 

ned  »o  as  to  till  the  filter  to  the  bend  C;  the  cook  u  aasti 

•ued  and  anal  a  Tow  limes  bo  as  to  bring  the  water  farther  down  into  tin- 

-,  but  not  Ui  till  it  entirely;  the  water  Is  then  emptied  mil  "f  A,  mid 

of   boiled  distilled  water  poured  in  together  with  the  MO4 
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NluttOfl  alitj   "I    IICl  added,  nnd  tlw»  bori'* 

i  .ii  moderato  quantity  from  ;»  bin 
muting  i  ii  i»  drawn  off  iuto  u  swu.ll  b  '  (toured 

back  withocil  then  drawn  off  into 

md  two  Aran  of  bnric  chlnridc  added.    So  Ion;;  a.-*  n  precipitate  not 
li'piid  i is  returned  I  burtiuu  addi 

nudinan  t  the  few  drops  added  \n  prednce  thi<  i  I 
i  be  corrected 

with  !i.M»]ut:nn  of  80*  corresponding  in  strength  to  Uie  barium  - 

nipler  mul  even  more  aerviccabli  A    ipi<arntu* 

on   tli"   above   plan   may  be   ouulo,  by   u  ;ii"  boiluu; 

[moipitatiiig  vessel   ■       ■ 
a  h"t  plate.    Tin*  filter  ia  mode  by  taking  ft  small  tli 
«»vrr  as  described,  with  about  two  inches  <>f  ii  hich  i-- 

tightly  slipped  about  four  <>r  five  inches  of  elastic  tubing,  tcrrninatfrio, 
with  ■  short  piece  <>f  gloss  tube  drawn  uut  t"  n  small  orifice  lik<'  n 
pipetl  a  is  pliuctl  .ht'iss 

above  the  pipette  end,  so  that  wben  huug  over  tli'-  a 
beaker  with   the   forme]   below   tin    surface   <>f   the   liquid,  tao 

Ltua  will  act  as  a  syphon.     It  i  I  !■>  be  filled  wrt] 

distilled   water  by  gentle  suction,  then  ftfuid 

under  titration.     By  its  menus  much  smaller  i    ' 
liquids  may   bo   used  for  tin-  analysis,  and  consc 
distinct  evidence  "f  tin-  reaction  obtained. 


SULPHURETTED    HYDROGEN. 

IIS 

1  c.<  rioua  solution «  0*00395  gin.  13 

1.     By  Arsexxioua  Aoid   (Uohr). 

£  74.     Tins  residual  pre*  i  ■   ■  fei    tie  t..  the  din 

of  sulphuretted  hydrogen  by  iodine.    The  principle  [abased  on 
fact)  tli.it  when  EPS  is  brought  into  contact  with  an  «>>< 
arsenious  acid  in  hy*  acid  solution,  arsenic  Rulph 

formed;  1  cq.  of  arseninus  acid  and  It  eq.  nf  sulphuretted  ]\yt\ 
produce  1  eq.  of  arsenic  sulphide  and  3  eq.  of  water, 

As  08+3H*S     a-St:i]| 

The  Bxceaa  <»f  arsenious  acid  used  is  found  by  A  iodine  and 
as  in  $  36.     In  estimating  the  strength  of  rrulphuretted  lr 
i.  the  following  plan  may  be  pursued. 

A  measured  quantity,  any  lu  c,<^  of  A  arseniou 

300  c.c.  florie.  and  20  o.o.  of  sulphuretted  hydrogen  wuter  udd<-  : 

and  sufliciont  Ilt'l  added  to  produce  a  distinct  acid  reaction :  i' 

precipitate  of  arsenic  sulphide, nnd  the  liquid  itself  i 

i*  then  diluted  to  3u0  iv.,  filtered  through  a  dry  Alter  Into  o  dry  vowl, 

1UU  c.c.  of  the  filtrate  taken  out  and  dcu 
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,  iodine  and  starch.    The  quantity  <>f  arsenious  acid  so  band 
deduct ftl  from  the  original  10  e.e.,  and   the  remainder  uiuHi)dK'U  DJf  the 

.  ,    ■  ■ 


Tin-   estimation   «>f    irs  contained    En   ooq]   gas,   may  bjj 

slowly 
trough  the  usemoua  solution,  or  still  bettor,  through  a  dilute 
Iknli,  then  adding 
1  oforo  described.     The  apparatus  devised  by  Afohi  Ear 
purp  anged  as  follows: — 

The  jra*  from  a  common  burner  is  led  by  menus  of  a  vulcanized  tube  into 

!  wash  bottiea,  contunioff  Uiealkalinaaolutionj  tram  the 

ted  into  a  lar^e  Wotilf  f"'s  bottle  filled  with  Biter.    The 

>ttle  lias  two  necks,  und  a  I  up  at  the  bottom;  one  of  tin-  necks  contains 

l  through  which  the  tubs  tarrying  the  fpw  is  pawed;  the  other, 

oorJi  through  which  a  k'ood-sized  funnel  with  ■  bo  (he  bettors 

tha  bottle  is  passed.    Whan  the  goa  begins  to  bubble  through  the  flask, 

the  water  to  drop  rapidly ;  if  the  pressure  of 

i-  strong  the  funnel  tube  acta  as  a  safety  valve,  and  oflows  Hue  water  to 

■  of  the  runnel.    When,  a  suflfaneul  quantity  al  ashes 

int"  the  bottle,  say  SU  or  Bight  pints  abe  water  which  hoi  issued  from 

ium  eouvenient  vessel  ta  awaonred  bote  cubic  inches  or  liters, 

-  the  quantity  of  gas  which  has  displaced  it.     In  order  to  Insure 

isuremeut,  :dl  porta  of  the  apparatus  must  he  tight. 

The  Books  are  then  separated,  and  into  the  second  5  bjB,  of  orwuions 

placed,  and   acidified   ihghtly   with    HC1.      If    any  traces  of   a 

OUT  it  is  set  aside  for  titration  with  the  contents  of  the  first 

tk,  into  which  10  c.n.  or  so  of   araerdona  -nlution  arc  put,  ictdffled  Bfl 

forc,  both  mixed  together,  diluted    to  a   given  measure,  filtered,  and  a 

.tity  titrated  ns  before  deseri  b 

Tlii.-  method  doea  not  answer fbi  v.iv  i  containing  large 

.  -  of  lis  unless  the  absorbu  is  largely  Lncreaeed. 


2.     By   Permanganate     Tffohr  . 

n  solution  of    Il-s  is  added  t<>  ;i  dilute  solution  .-f    i 

ill   is  red  new  1  to  tin-  ferrous  state,  and  bee 

ul]ditK  i  rrous  salt  bo  produced  may  be  maasurvil 

ly    by    perruangajuitfl    without    removing    tin-    separated 

ulpuur.      Ferric    sulphate,    bee    from    ferrous    compound 

dpi i uric  acid  solution,  is  placed  in  a  stoppered  Basic,  and  tin* 

duti"n  <>f  II  s  added  t"  it  with  n  pipette;  tl i* -  mixture  la  aUowed 

stand  hulf  ;in  hoiu  then  diluted  eonaderably,  and  per> 

jitil  the  rose  colour  app 

50  r.-  -  17  H-'S 

late  repreeente  0*0017  gm.  of   M:s. 
The  [>.  stoppered  Mask 

the  acid   ferrii*  liquid  into  hot    water  previous  t-i  the 
.  nf  ll-'S,  and  excluding  air  as  much  as  possible. 
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3.     By    Iodine. 

Sulphuretted   hydrogen   in   mineral  w 

dine  in  the  following  manner: 

i  Iter  necessary  volume  of  rJj  iodine  solutiou  nrr   nictunircd 
into  *  600  c.c.  flu.sk,  uinl  tlu>  water  to  be  examined  ad-1.  ■ 
ilin|i|iniri.     .">  c.r.  of  starch  liquor  are  then  idaed,  and  , 
iloux  appears;  the  flask  is  then  filled  to 
r»  -j-  otive  roluiiii 
the  added  water,  deducted  from  the  500  c,c,  "ill  »lmw  it  >|  water 

••hi:illy  titrated  by  the  iodine.    A  hould  be  i  i 

•  ■f  iodine  necessary  to  produce  the  blue  colour. 

eniua  examined  the  sulphur  water  of  the  Grindbn 
tnkfart  a.  M.  (Z.  a.  ('   xiv.  321),  both  vo 
by  weigh!  fm   EPS  with  verj   nmcordanl  rem 
water  (  i  for  blue  colour  being  allowed)  requin  i 

of   iodi  ~  «.'.    .I   wlueh  coutained  0*02527  of 

II  S  0*009194  # u.  ]kt  million.  in.  af  the  Barm 

required,  under  the  sum*  conditions,  25  05  • .« .  »f  the  s  um    i<«li 
solution -H  >!\\  gni.  per  million,      liy  weight  U»    tPS 

round  to  1m*  0*ui_'',».'77  gm,  per  million. 


TANNIC    ACID. 

g  75.     Tin;   estimation    of    tannin    in    the    mat  I    lor 

t. Liming  is  by  no  means  of  the 
methods  have  been  ;■ 
[q    the    previous   editions    of    this    ln*ik    Lowenthal'ii    > 
(originated  by  Eatcourt)  as  then  perfected  woj  nt  it  a 

still  somewhat  deficient  in 
much  ingenuity  and  intelligence  have  been  expended  "n  it. 

<  nm  difficulty  is  still  unsurmounted,  mid  that  is,  the  prep 
of  -i  pure  tannic  acid  to  serve  as  standard.    The  \  i 
BxiBtenee  are  still  very  imperfectly  understood,*  I 

native   analysis   of    tanning   materials  runon  Ivea  U 

concerned,  Llie  method  in  question  ioolly  the  ' 

Tin-  principle  of  tlie  method  depends  on  the  oxidation  of  thu 
tannic  acid,  together  with  other  -r 

by  iwrnaiignnatc,  regulate* I  by  the  prceenn 
indigo-carmine,  wliich  also  acts  as  an  indicator  to  the  end  of  thr 
reaction.     The  total  amount  of  such  sulietancee  being  Foui 

*  Von  SchrSder,  whoee  suggestiona  bavc  been  adopted  by  the  German  Aaaoaatioo 
of  Tanners,  selects  a,  commercial  pure  Uunic  acid  for  one  u  a  standard  by  diaeoh 
Z  if in.  hi  n  liter  of  water.  10  c.c.  of  tbia  in  titrated  with  permaaFrejiate  aa  daacril 
50  c.c.  are  then  dilated  twenty  liours  with  3  gm.  moistened  bide  powder.  10  c.c- 
the  (Utratc  from  tbia  ia  then  titrated,  and  if  the  i^nuonganate  ooiianmed  amounts  to 
leaa  than  10  per  oant.  of  the  total  consumed  by  the  tannin,  it  ia  suitable  for  a  utauuard. 
li*KI  iwrtv  bt'Ujg  considered  equivalent  in  reducing  power  to  1048  parts  of  tairnin 
]irecipita.bl(!  by  hid*.*,  according  U-  Hammer 's  experiment-.    I 

aftat  titrating  u  described,  calculates  the  dry  matt  it.  and  multiplies  by  the  ruuud 
number  1"05  to  obtain  the  value  in  actual  tannin  procipitable  by  hide, 
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d  by  a  known  volume  <>f  perm  i  available 

tin  is  then  removed  by  gelatine,  and  the  second  titration  is 
upon  tli>'  solution  so  obtained  in  order  to  find  the  Amount  of 
uxiilixablt*  matters  other  than  tannin. 

Tin-  volume  of  permanganate  so  used,  deducted  from  the  volume 

•d  i«i:_  hows  thu  amount  of  tannin  actually  available  Cor 

unin^  purposes  expruoaod  iu  tonus  of  permanganata. 

It  will  \h>  al  once  seen  that  this  method  is  essentially  ;i  pn 

no,  because  it  b  only  the  particular  tuimin  capable  of  combining 

itli  « :  sue  which  is  estimated.     It  baa  been  critically 

utmined  with  approbation  by  good  authorities,  among  whom  may 

mentioned,   Procter  (''.   A',  xxxvi   59 ;  //////,  \xx\  ii.  256), 

athreiner  ('/■.    a     C.    xviii    112),  (Dingler's   Polpi.   J->ur. 

eviL   \Bl\  and  Hewitt  (TVmwra  /oar.,  May,  1877,  S3).     My 

!Xperimenta  liave  shown  that  for  all  materials  containing  tannin, 

en  catechu,  it  is  the  beat  proceed  yel  discovered,  but  requires 

itii-ni    practice    to    ensure    concordant    results,      Lo  wen  thai '« 

ption  of  the  method  is  given  in  '/..  u.  <\  \vi.  33, 
Tli'-  extraction  of  the  tanmc  add  from  the  raw  material  is  beat 
performed  by   trailing  it   in  a  large  Saak  with  about  a  liter  of 
distilled  water  for  naif  an  hour,  then  straining,  and  diluting  when 

I  Ad  t"  1  litet     Portions  are  filtered  if  aecosaary.     Concentrated 
olved  before  titratian  by  adding  them  u>  boiling 
than  cooling  and  diluting  t<»  tin-  measure.     In  theca 
rong  tnateriala  such  as  sumach  or  valonis  10  gm.,  at  oak-hark 
0  ml,  are  used. 

The  quantity  «-f  th<  be  need  far  titration  mu 

■  I  iome  extent  by  the  amount  of  permanganate  required 

oddize   the   tannic   and  gallic  acids  present      Practice   and 
parience  will  enable  the  operator  to  judge  of  the  proper  propum 
in  dealing  with  the  various  materials,  bearing  iu  mind 
(hat  volumetric  proeeaaoa  are  largely  dependent  upon  identity  of 
litfons  for  securing  concordant  resulte. 
Procter,  who  is  probably  one  of  the  best  authorities  on  this 
subject)  Lified  bo  aome  extent  the  details  of  tli 

I '.  /.  iii.  82,  and  ibid.  v.  79),  and  these  piodifications  an 
JhhUimI  ln'tv. 


Standard   Solutions   and   Re-agents. 

Standard    Potossic   permanganate.      K athreiner   reeommanda 

raft  ilii-^  solution  altould  eontain  not  more  than    1  '333  gm.  i>f 

i!   |»er  liter  (lirttcr  only   about   I   gm.);    therefore,  if 

nlor  is  accustomed  to  use  the  dcciuormal  solution,  a  vary 

■iiv.-ni  .tli  is  mode  by  diluting  one   volume  •«[   it  with 

water,  thus  obtaining  a  solution  of  *,  strangth  (  ■  1*05' 

Thih  bblc   becuuse   it   enables  t lit* 


' 


§ 


(mentor  t<>  cnloulate  it.-*  value  into  oxalic  acid,  uiu 

standards  adopted   by  Nculnuirr  aiul   Us 
tlniL  0'063  gm.  of  oxalic  in  ill  represents  0"04157  gra.  »-f  :rnIlo-tanni< 
acid  (grdl-nul   tannin),  01   0*062355  gm.  of  tjuerci-buuii 
kirk   tannin).      I  I  itticiciits  for  calculation  arc   now* 

rulopb  'I,  -4i ] ■  inlv  preferable  t<-  standardizing  I 

gnnate  upon  any  ipecunen  of  so-called  pan  taima. 

SO  cc.  of   *rt  ]n-ti  refove  rep*  "fi3 

<>f  oxalic  acid  oi  the  weights  "f  tannin  above  mi 

Dotation  of  [nditp  Carmine-  -This  should  he 
about  «r>  gra.  to  the  Liter  with  abonl  pure  rP 

Bolt] don  of  Gelatine — This  solul  <\  to  pre< 

available  tannin  in  riution  after  it.-  total   oj 

matters  have  been  determined  bj  the,  indigo  and  pernio 
should  1m-  oiade  fresh  for  each  series  of  titi 
2  gm.  <'f  Nolaon'a  gelatine  in  100  cc  »»f  water  and  tilt-!: 

Dflnte  Sulphuric  Acid,— 1  "10, 

/'■■oc*m«4  of   Titration:   The  first  tiling  CO  be  dOM  i*  to  jl*ow 
relationship  between  the  permanganate  uud  indigo  soli: 
ii, .it  Qn  permanganate  is  ■-■orrect  as  re§ 
therefore  lu  or  20  cc,  of  toe  indigo  an  measured  into  awl 
ami  diluted  to  J  of  n  liter  with  distilled  water,  or  good  ordinary  w 
from  organic  matter  i>r  other  substances  cajv 

10  cc  of  the  dilute  acid  arc  measured  in,  and  the  permanganate  deliver 
in  with  ■  hand-pipette  in  drops,  with  constant  (din-tog,  until  the  ■ 
just  discharged,  tearing  a  clear  faint  yellow  tint,  with  jusl  a  shade  o| 
the  rim. 

Tliii*  experiment  will  act  as  a  guide  to  the  final  adjustment  ol   the  iii-ii 
with  an  accurate  30  cc.  burette  in  ,'.,,  which  should  Ik-  of  Mich  dilu 
about  20  cc.  correspond  to  about  15  cc  of  pet 

Titration  of  the   Tamniitff  Material:    It  la  very   im 
avoid   uncertainty  in   the  end-point   of   the  reaction,  that  a 
material  shall  be  used  as  shall  consume  about  7  or  8  co,  donate 

,x0  strength  al>ove  that  point  which  is  required  for  the  indigo. 

Procter  and  Knthreiner  both  in 
general  method  adopted  by  them  is  to  add  20  cc,  of  indigo  arilh  ' 
dilute  acid  to  about  J  of  a  liter  of  water,  in  n  porcelain  dish,  followed 
of  tannin  solution,    The  permanganate  in  thou  delta 

at  stirring,  untfl  a  faint  row  oolo  -  round  ths 

liquid.    The  time  allowed  Tin-  the  titration  is  also  very  important. 

Von  Schroder,  r lug  the  Association  of  (tennnn  T 

i     to  add  the  jwnnaiumiiate   1  cc  at  a  time  with  " 
stirring,  until  the  colour  of  the  liquid  indi< 
(inly  an  required  to  end   tin-  titration.     I'1 
luind,  prefers   tile   rapid   drop  method   for  the   col 
until  near  the  end.     He  also   funis  Unit  the  method   <>f 
influences  the  result  in  no  vei 
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operator  adopts,  u  is  advisable  to  keen  consistently  to  it  in  order 
remits  in;iy  be  comuawtivsly  the  same. 

membered  buU  neither  by  tliis  nor  any  other  method 
able  t"  accurately  estimate  the  t.uuiiii,  but  only  I 
.■f  <■  wo  samples  of  the  nunc  mat-rial. 

VrmfpUwtlom  of  the    Tannin,  and  tnb$eavf>nt   Titration    of    Snlataneet 
other  tksn  Tammim. — Pro.  tor's  prod  lo  take  GO  c.e.  of  the  tannin 

infusion  (5  c.c.  of  which  has  been  titrated),  and  add  to  it  88*6  OjO,  of  gelatine 
-lion  in  a  fla*k  holding  about  130  c.c.  The  mixture  is  well  shaken,  then 
mturated  with  clean  table  salt,  and  [0  e  e.  of  the  dilute  ieid  added,  together 
with  a  teospoonful  of  kaolin :  the  whole  is  vigorously  shaken,  then  Altered, 
and  made  up  to  exaetly  100  c.c.  10  c.c.  of  this  liquid,  repr 
the  tannin  ueootlon,  U  then  titrated  in  precisely  the  same  manner  as  before. 

The ealonlation  of  |»  raftsuews:  Lot  the  fint  titration 

(two  of  which  should  be  made  for  aeeurity)  be  called  a ,-  the  second,  also  in 

h.    If  further,  e  be  the  quantity  of  peraungonafa  required  to 

-  I  n  ouUe  acid,  and  10  gin.    I  e  been  employed 

for  I  liter  of  deooetion,  then  a  ;  (n — A)  :  :  CM  :  -t,  where  -r  I  (tag* 

of  tauuui  BifUoacfl  in  terms  of  oxalic  ;i«-itl. 

Hunt,  win.  is  also  on  undoubted  authority  on  tannin  estimation, 

ire  from  Procter  on  the  question  "f  saturating  the  liquid  for 

final  titration  with  salt  (J.  C.  &  L  iv,  268),  on  the  ground  Qui 

the  com  of  material  containing  much  gallic  arid,  aome  <»f  it  is 

jjMt.it*-' I  with  tin*  tannin,  thue  Leading  to  highec  results     Thia 

proved   by  experiment,  and    therefore  prefers  to  oei    u 

«*..    i  .  '.titin  ire  run  into  -t  ratal]  dry  flask,  to  this  25  C.c. 

he  fre*h  tilt,  i  ire  added,  and  the  flask  shaken.     2Sc  ft. 

a  saturated  sorni  -  ■.  of  strong  Il-'SO1  par  liter 

now  added,  and  about  a  teospoonful  of  kaolin  or  bane  anlpbaja.    The 

i     thoroughly  shaken  for  a  few  minutes,  after  which  a  clear  bright 

ite  nii  ted. 

containing  over  45  jh*t  cent.,  tannin,  it  ii  advisable 
t"  take  26  c*c  instead  of  BO,  and  to  use  60  <-.«-.  ol  Bait,  the  amount 
lolution  I  wing  the  same.     The  same  authority 
abie]  and  it^  allies,  the  method  of  titi  i  bbovc 

Qbed  does  not  give  accurate  results,  inasmuoh.  ae  the  gelatine 
Bait  do  not  remove  all  the  subsian*^  of  tanning  value  from  the 
il.     In  such  case  it.  bi  ue<  casarj  to  digest  the  liquid  for  at  least 
tlra  hours  with  pure  drj  skin  ah  n  Engs  in  powder.     Tin-  mixture. 
iien  filtered  and  titrated  in  the  usual  way. 
t   is   impossible   to  give   here   the  opinions  held   by  various 
on  this  subject,  therefore  tlie  reader  who  desires  fuller 
ttion  should  consult  the  papers  to  which  reference  has  been 
ide 

The  following  table  given  by  Hunt  i^  however  appended,  oh  the 

■  ;us  a  guide  t<<  the  nature  <>f  various 

total  extract"  in  the  table  was  determined  by  evaporating 
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§  75. 


a  portion  of  the  tannin  solution  to  dryness  in  a  small  porcelain 
basin  nml  drying  the  residue  at  110°  C.  The  "insoluble  matter" 
was  also  dried  at  110°  C. 


Total 

Kam*  or  Material, 

matters 

oxidised 

byPennan- 

o*nate,as 

Tannin,  at 
Oxalic  Ac 

(Procter; 

Twain,  a* 
OxattoAc 

(Hunt) 

Total 
Extract 

Insoluble 

Oxalic  Ac. 

per  cent. 

per  cent. 

percent. 

per  cent. 

i 
per  cent. 

English  Oak  Bark    ... 

1670 

1354 

11*97 

18*38 

6616 

CanadianHemlock  Bark 

9-03 

7*46 

7*08 

13-96 

7626    . 

Larch  Bark      

8*20 

7*17 

615 

20*64 

60*80    ; 

Mangrove  Bark 

31*35 

29-71 

2848 

2660 

4970    ' 

Alder  Bark       

827 

615 

6'73 

1936 

68*00    1 

Blue  Gum  Bark 

10*18 

8*91 

8*91 

11*76 

74-66    1 

Valonia      

37-41 

36*24 

30*50 

88*50 

46*06 

Myrabolans       

48*28 

38*43 

88*00 

42-80 

—    i 

Sumach      

42  53 

34-30 

31-46 

4410 

47*77 

Betel  Nut 

15.91 

18-87 

13*79 

17*94 

67*00    ' 

Turkish  Blue  Galls... 

7338 

66*83 

59*96 

4840 

36  35    , 

Aleppo  Galls     

Wild  Galls        

9885 

87'82 

8305 

68-80 

14-32    | 

26-21 

1875 

16-66 

31*70 

6417    , 

Divi-Divi 

66*98 

62*62 

61*22 

54-38 

2930 

Balsamocarpon    (poor 

1 

and  old  sample)     ... 
Pomegranate  Kind  . . . 

50-49 

3776 

32  88 

67*14 

2825 

27-58 

2418 

23*12 

41-00 

49  50 

Tormentil  Boot 

2827 

20*98 

2068 

19*70 

67*96    1 

Bhatany  Boot 

22*27 

20*15 

19*30 

1880 

66-00 

Pure  Indian  Tea 

2306 

18-65 

1740 

34  46 

53*40 

Pure  China  Tea 

18*03 

14*21 

14*09 

24-50 

02*60 

Cutch 

57*65 

51*95 

44*24 

61*60 

4*75 

Gum  Kino        

66*39 

5965 

61*55 

79-30 

1-00 

Hemlock  Extract     . . . 

3616 

3317 

30  98 

48*78 

—     i 

Oak  wood  Extract     ... 

33  49 

26*90 

23-86 

87*78 

— 

Chestnut  Extract 

3977 

3263 

28*88 

50-28 

— 

Quebracho  Extract  . . . 

4822 

44  45 

40*84 

49*00 

— 

"  Pure  Tannin  " 

135  76 

122*44 

12193 

— 

— 

Tan  Liquor,  sp.  gr,  V030 

4*84 

314 

210 

601 

— 

Spent  Tan  Liquor,  sp. 

gr.  1*0165      

1*40 

037 

025 

Absorbed 

by  Dry 

Pore  Skin. 

310 

1 

I 

Gambior,  Cube 

70*12 

— 

5107 

74*40 

6*31 

„        Sarawak   ... 

6313 

— 

4709 

70*70 

8*67 

Bale 

5600 

— 

43*70 

63*54 

1-40 

Other    Methods    of  Estimating   Tannin. 

Direct  Precipitation  by  Gelatine. — The  difficulty  existing  with 
this  method  is  that  of  getting  the  precipitate  to  settle,  so  that  it 
may  be  clearly  seen  when  enough  gelatine  has  been  added. 

Tolerably  good  results  may  sometimes  be  obtained  by  using  a 
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■bong  solution  of  sal  "ww^m  or  chrome  alum  as  an  adjunct. 
Tin-  bast  sid  is  probably  barium  sulphate,  2  or  ft  rib.  "f  which 
should  be  added  to  each  portioD  "f  lipoid  used   Cot  titration. 

The  Standard  Solution  of  Gelatine  should  aantain  1*33  ^m.  of 

1       statute  per  liter,  in  which  is  also  mixed  100  e.e.  of  cherry 

laurel  water  bo  preeerve  it    45  cc.  —  0*05  giu.  tannin  (Carles). 

Thii  method  ft  adapted  only  for  rough  technical  purposes,  as  also 

the   following. 

Direct  Precipitation  by  Antimony.— Til  is  method  is  still  in 
favour  with  some  operators;  hut,  like  the  gelatine  0100688,  u  beset 
with  tin.-  difficulty  "f  getting  the  precipitate  t<«  settle. 

The  Standard  Aiitimuny  Solution  is  made  by  dissolving  2*611 
gm,  of  crystals  of  emetic  tartar  dried  at  100*  (J.  in  ■  Hut.  1  c.c  = 
0*005  gm.  tannin.    50  cc.  of  th«*  tannin  solution  may  be  taken 

for  titration,  to  which  is  added  1  or  2  gm.  of  sal  aminoninr ,  and  the 
antimanial  solution  run  in  imtil  no  further  cloudiness  is  produced. 
In  1m>iIi  the  above  methods  the  Ana]  testa  must  either  be  mads 
by  repeatedly  altering  small  portions  bo  ascertain  whether  she 
itation  is  complete,  or  by  bringing  drops  of  each  liquid 
together  on  black  glass  or  a  small  mirror. 


TIN. 

8n=118. 


.Metallic  imn  x 

Double  Hteffl  x 

Factor  for  -^  iodine 

ox   pennangai 

solution 
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6.    The   method,   originally  devised    by    Btreng,    for  the 

direct  estimation  of  tin  by  potaasic  bkhronoate,  oc  other  oxidMng 

nits  in  acid   solution,  lias  been  found  most  unsatisfactory,  bom 

e  fact  that  variable  quantities  of  water  or  acid  seriously  interfere 

with  the  accuracy  of  the  results.  The  cause  is  not  fully  under- 
stood, but  that  it  is  owing  partly  to  the  oxygen  mechanically 
contained  in  the  water  reacting  on  the  rerj  sensitive  stannous 
chloride  there  can  be  very  little  doubt,  as  the  variations  are 
i-rably  lessened  by  the  use  of  water  recently  boiled  and 
cooled  in  closed  vessels.    These  difficulties  are  Bet  aside  by  the 

processes  of   Lenssen,  Lei  wen  thai,  Stroiueyer,  and  others,  u«-w 
to  l)e  described,  and  which  are  found  faith  >  i  'tory. 


1.    Direct    Titration    by    Iodine    in    Alkaline    Solution    (LenBsen). 

Metallic    tin    or  its   protoaalt,    if   not   already   in   solution,   is 
dissolved  in  hydrochloric  acid,  and  a  tolerable  quantity  of  Rochelle 

v 
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salt    ad  uer    with    aodic    bicarbonate    in    excess.      If 

cikui^i  lutkm  will     i 

Lded,  and  tlit'  mixture  titrated  with  ^v,  i*  >•  1 1 
U  beat  dissolved  In  HCI  by  placing  ;i  platinum  eru<  ihJs 
lcI  with  it,  so  m  to  Conn  a  galvanic  citcuit. 
Bettas  (Chtitt.  t'usti'-hiait.  li.  957)  pointa  mit  tint  tin 
in  the  estimation  as  :ll",,  i  a[cn 

tlie  liquid,  on  absorbed  during  the  operation.     In  oxdar  fa> obtana 
suits,   it   is  necessary  to  dtasolvi  tpoaad 

in  HCI,  dilute  with  oxygi  ;-t.  and  add  at  .cess  of 

standard  Iodine,  which  excess  is  found  by  residua]  titration  with 
standard  tHosulphate, 


2.      Indirect    Titration    by    Ferric    Chloride    and    Permanganate 
lLowenthal,    Stromoyar,    etc.). 

Tliis  method  owes  Eta  value  t->  the  fact,  that  when  ^tnmtou* 
chloride  is  brought  into  contact  with  ferric  or  cupric 

-  a  reducing  agent,  in  the  n 
compounds,  stannic  chloride  being  formed,  together   with 
portionate  quantity  of  ferrous  or  cuprous  salt,  as  the  case  d 
If  either  ox   the  tatter  be  then   titrated  with  perraanganati 
origina]  quantity  of  tin  may  be  found,  the  reaction  being,  in  the 
case  of  iron, — 

SnCr-'+IV-Cl^SnClU-JK 
.~r>    iron  =  59    tin.     If   decinormal    perm  or    the 

necessary  to  convert  it  bo  that  strength,  In-  u*ed,  the  calculal 
■  »f  iron  La  not  necessary. 

The  Amalyns.-  The  volution  or  stannous  chloride,  or  other  protons] 
In  II CI,  or  tho  granulated  metal,  is  mixed  with  pure  ferric  elil 
if  tolerably  concentrated,  dk-uhes  metallic  tin  readily,  and  Without  cvuluuon 
of  hydrogen,  then  dilated  with  dw tilled  water,  ana  titrated  with  )>crma»- 
ganate  as  usual.     To  obtain  tho  moet  exact  results,  it  is  uuceaary  to  make  an 
experiment  with  tho  name  permanganate   upon  a.'. 
to  which  ferric  chloride  is  added;    the  quantity  required    to  prodl 
nme  row  colour  is  deducted  from  the  total  permanganate,  and  the  reuuiini-r 
calculated  an  tin. 

Stannic  salt*,  also  tiu  compounds  containing  iron,  are  d  ,    water, 

IIC1  udded,  and  a  plato  of  clean  nnc  introduced  for  ben  hours; 

I    BO  precipitated    is  carefully  collected  .mil    wished.  Lb* 
in  HCI,  and  titrated  as  above;  or  the  finely  divided  metal  may 
be  mixed  with  tin  excess  of  ferrio  chloride,  »  tittis  11C1  added,  and  when 
solntton   is  complete,  titrated  with    i-eriiian filiate.    4  eq.  of  iron   | 
eeeurring  in  the  form  of  ferrous  obtonde  represent  1  eq.  (—118)  ot  I 

Tin  may  also  be  precipitated  from  slightly  acid  peroxide  solution 
ar  sulphide  by  11-S,  the  sulphide  well  washed,  and  mixed  with 
ferric  chloride,  the  mixture  gently  warmed,  the  sulphur  filtej 
and  the  nitrate  then  titrated  with  perm 

of   iron  -  1   rq.  -if   tin. 


§ 


i  . 
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Tin  Ore.  — In    I  \vn->l<I  ( I '.  X. 

asvi  .  hat  1  g\u.  <>f  tin*  very  fine]         rdered 

intra]  foi  two  noun  in  .1  porcelain  1  ** »; 1 1. 

:  -ut  nf  dry  and  pure  hydrogen  gee, 
.   I  i-  redui  ed  i"  the  metal 
■ii  diaealveU  in  acid  ferric  chloride,  and  titrated  with  pennaa- 
Iip  usual  way. 


URANIUM. 

J  10. 

^77     Tax estfanatdon of  mmniom  may  )»•  conducted  with  grant 

^    by  pen  ,    in    pncisvly  the   saint*    WSJ   u    ferrous 

'i     The  metal  must    be  in  solution   either  ae  acetate, 

sulphate,  or  chloride,  bnt  not  nitrate,      In  (he  latter  ones  it  is 

maamrv  to   avu|K>ruLc    t>>   drymtfei  with    r.Krrss  of   sulphuric    or 

iydroehk>ric  add,  or  fc»  precipitate  with  alkali,  waah  and  redi 

'it-  acid. 

TIk*  reduction  to  the  uranous  state  is  made  with  sine,  hut  us  the 

id  »>f  reduction   cannot,  like  iron,  be  known  by  the  colour,  in  ia 

f  to  continue  the  action  for  a  certain  time ;  in  the  . 
nil  quantities  ;«  quarter,  larger  half  an  hour,  at  a  temperature  "f 
10*1       ad  in  the  presence  <>f  exaeas  of  sulphuric  acid; 
!1  the  dissolved  before   titration.     The  solution  is 

ban    freely  diluted   with  boiled  water,  sulphuric  ai  i«l   added    ii 
rv.  and  then  nate  until  the  roae  colour  in  faintly 

armoncnt    The  ending  i*  distinct  if  the  solution  be  well  diluted, 
ad  the  reaction  ia  precisely  the     ime  as  in  the  eaes  <>(  fernDus 
namely,  -  uq,    of  uranium  existing   in  the   tunutcms  state 
oniro  I  eq.  of  oxygen  to  convert  them  t"  the  uranic  state ;  hence 
ISO  Ur,  consequently  the  strength  >>f  any  permanganate 
ihrtum  in  relation  to  iron  being  known,  it  is  easy  to   Hml  the 
lUUt  of  uranium. 


ZINC. 

Xu  -  66. 

,. 

solution 

=o-o 

gm. 

Zinc. 

Metallic 

h<>u 

■ 

Zinc 

f| 

x  0-7  _'  1 

zz 

Zinc 

cride 

Douhlc  iron  salt 

x  0*08298 

= 

Zinc 

»i 

ii 

xO-lO-U 

— 

Zinc 

oxide 

1.      Indirect    Method    (Mann) 

results,  and  i  on 
i  pi  tat  my  the  sine  .  Iphide,  -1 mposing  the 

I   2 
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sulphide  with  moist  silver  chloride,  then  estimating  the  zinc 
cliloride  so  formed  with  amnionic  sulphocyanate  as  in  Volhard'ft 
method  (§  39). 

The  requisite  materials  are — 

Silver  cliloride. — Well  washed  and  preserved  from  the  light 
under  water. 

Standard  Silver  nitrate. — 33*18  gin.  of  pure  silver,  dissolved  in 
nitric  acid  and  made  up  to  1  liter,  or  52-3  gm.  silver  nitrate  per 
liter.  If  made  direct  from  silver,  the  solution  must  be  well  boiled 
to  dissipate  nitrous  acid.     1  c.c  =0*01  gm.  of  zinc. 

Amnionic  sulphocyanate. — Of  such  strength  that  exactly  3  c.c. 
suffice  to  precipitate  1  c.c  of  the  silver  solution. 

Feme  Indicator  and  Pure  Nitric  Acid  (see  §  39.3  and  4). 

The  AnalytU ;  0'5  to  1  gm.  of  the  zino  ore  is  dissolved  in  nitric  acid. 
Heavy  metals  are  removed  by  H2S,  iron  and  alumina  by  double  precipitation 
with  ammonia.  The  united  filtrates  are  acidified  with  acetic  acid,  and  IPS 
passed  into  the  liquid  until  all  zinc  is  precipitated  as  sulphide.  Excess  of 
H2S  is  removed  by  rapid  boiling,  so  that  a  drop  or  two  of  the  filtered  liquid 
gives  no  further  stain  on  lead  paper.  The  precipitate  is  then  allowed  to  settle, 
decanted  while  hot,  the  precipitate  brought  on  a  filter  with  a  little  hot  water, 
and  without  further  washing,  the  filter  with  its  contents  is  transferred  to 
a  small  beaker,  30 — 50  c.c.  of  hot  water  added,  well  stirred,  and  so  much 
moist  silver  chloride  added  as  is  judged  necessary  to  decompose  the  sulphide, 
leaving  an  excess  of  silver.  The  mixture  is  now  boiled  till  it  shows  signs  of 
settling  clear ;  5  or  6  drops  of  dilute  sulphuric  acid  (1 :  5)  are  added  to  the 
hot  mixture,  and  iu  a  few  minutes  the  whole  of  the  zinc  sulphide  will  be 
converted  into  zinc  chloride.  The  free  sulphur  and  excess  of  silver  chloride 
are  now  filtered  off,  washed,  and  the  chloride  in  the  mixed  filtrate  and 
washings  estimated  as  follows : — 

To  the  cool  liquid,  measuring  200  or  300  c.c,  are  added  6  c.c.  of  ferric 
indicator,  and  so  much  pure  nitric  acid  as  is  necessary  to  remove  the  yellow 
colour  of  the  iron.  A  measured  excess  of  the  standard  silver  solution  is  then 
delivered  in  with  the  pipette,  and  without  filtering  off  the  silver  chloride, 
or  much  agitation,  so  as  to  clot  the  precipitate,  the  sulphocyanate  is  cautiously 
added,  with  a  gentle  movement  after  each  addition,  until  a  permanent  light 
brown  colour  appears. 

The  volume  of  silver  solution  represented  by  the  sulphocyanate 
being  deducted  from  that  originally  used,  will  give  the  volume  tu 
be  calculated  to  zinc,  each  c.c.  being  equal  to  0*01  gm.  Zn. 


2.    Precipitation  as  Sulphide  and  subsequent  titration  with  Ferric 
Salts  and  Permanganate  (Schwars). 

The  principle  of  this  method  is  based  on  the  fact,  that  when  zinc 
sulphide  is  mixed  with  ferric  cliloride  and  hydrochloric  acid,  or 
better  still,  with  ferric  sulphate  ami  sulphuric  acid,  ferrous  or  zinc 
chloride,  or  sulphates  respectively,  and  free  sulphur  arc  produced. 
If  the  ferrous  salt  so  produced  is  estimated  with  permanganate  or 
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biokiamate,  the  proportioDo]  '|imutity  <>f  one  present  is  uoartautecL 
i!  «•<[.  l-v  represent  1  eq.  Zn. 

Preparation  of  the  A  mm  on  meal  Zinc  Solution. — In  the  case  of  rich 
ore*  1  NL,  and  poorer  qualities  2  jrm.,  (if  the  finely  powdered  material  are 
placed  into  a  small  wide-mouthed  flask,  and  treated  nittl  IK'I,  to  which 
:»  little  nitric  add  in  added,  the  mixture  is  warmed  to  promote  solution,  tod 
ulitu  this  has  occurred  the  excess  of  acid  is  evajmrated  by  continued  heat. 
If  lead  is  present,  a  few  drops  of  concentrated  Ktlphurio  arid  an  added 
previous  to  complete  dryness,  in  order  to  render  the  lead  insoluble;  the 
residue  i"  then  extracted  with  inter  and  filtered.  Should  metals  of  the  fifth 
or  sixth  poop  be  present,  tin >  must  be  removed  hy  H!S  previous  to  the 
following  treatment.  The  solution  will  contain  inn.  Mid  in  some  eases 
DUmnsese,  If  the  iron  is  imt  already  fully  oxidized,  the  solution  must  be 
boiled  with  nitric  arid  ;  if  only  trace*  of  HBIflBeM  arc  PTBSSatj  a  few  drops 
of  bromized  IIC1  should  be  added.  When  cold,  the  dilution  may  bo  further 
diluted  if  necessary,  and  then  super-saturated  with  ammonia  to  precipitate 
the  iron  ;  if  the  proportion  of  this  metal  is  small,  it  will  suffice  to  filter  off 
and  wash  the  oxide  with  inuBOmeoal  warm  water,  till  the  washing!  give  no 
precipitate  of  eiuc  on  adding  aumimiie  sulphide.  Owing  to  the  ted  that 
Ultfon  precipitate  tenaciously  holds  about  a  fifth  of  its  weight  of  zinc,  it 
will  be  necessary  when  the  proportion  is  Urire  to  redissolvc  the  partly  washed 
'1  ii  He  in  HC1,  and  reprecipitate  (best  as  basic  acetate) ;  the  filtrate  from 
this  second  precipitate  is  added  to  the  original  zinc  filtrate,  and  the  whole 
ie  up  to  a  liter. 

Tkr  Analysis:  The  ammoniaail  i\\\<*  Kdntton  (prepared  as  described  above) 
is  heated,  and  the  zinc  precipitated  in  I  lull  beaker,  with  a  slight  excess  of 
sodifl  or  amnionic  sulphide,  then,  covered  closely  with  a  glass  plate,  and  set 
aside  in  a  warm  place  for  a  few  hours.  The  clear  liquid  is  removed  by 
j.  M'plK'U,  and  hot  water  containing  some  ammonia  again  poured  over  the 
precipitate,  allowed  to  settle,  and  again  removed,  and  the  washing  by 
decautatiou  repeated  three  or  four  times;  finally,  the  precipitate  is  brought 

•n  a  tolerably  large  and  paronj  filter,  and  well  washed  with  warm  water 

i  lining  ammonia,  till  the  washings  BO  longer  discolour  an  alkaline  lead 
r'llntinn.     The  filter  pump  may  be  used  here  with  great,  advantage. 

The  tiller  with  it-  ronlents  is  thou  pushed  throngli  the  funnel  into  a  large 
flask,  containing  b  Mitlirie-nt  quantity  of  ferric  sulphate  mixed  with  sulphuri*- 

:,  immediately  well  stopped  or  corked,  gently  shaken,  and  put  into  a  warm 
place  ;  after  some  time  it  should  be  again  well  shaken,  and  set  aside  quietly 
for  about  ten  minutes.  Af ler  the  action  is  all  over  the  mixture  should  possess 
a  yellow  colour  from  the  presence  of  txadsoonavoead  ferric  salt;  when  the 
cork  or  stopper  is  lift c  liouM  be  no  odour  of  HJS.     The  flask  is  then 

nearly  filled  with  cold  distilled  water,  if  pjQOsaisrj  BHBfl  dilute  sulphuric  add 
added,  and  the  I  ontenta  of  til o  flask  titrated  with  [►ennanganateor  birhi" 
[fell. 

Tin1  free  mlpiiur  and  filter  will  have  no  reducing  effect  upon 
toe  pejrniangnnati  if  the  solution  be  cool  and  very  dilute. 

3.    Precipitation  by  Standard  Sodic  Sulphide,  with  Alkaline  Lead 
Solution  as  Indicator  (applicable  to  most  Zinc  Ores  and  Products). 

Tin-  AnimoniocaJ  Solution  of  Zinc  is  prepare.!  just  n*  previously 
.  ibed  in  Schwarz's  method. 

Standard  Sodic  sulphide. — A  portion  o£  can-tic  soda  solution  is 
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saturated  with  H*S,  sufficient  soda  added  to  remove  the  odour  of 
the  free,  gas,  and  the  whole  diluted  to  a  convenient  strength  for 
titrating. 

Standard  Zinc  Solution. — 44*12  gm.  of  pure  zinc  sulphate  is 
dissolved  to  the  liter.  1  c.c.  will  then  contain  0*01  gm.  of 
metallic  zinc,  and  upon  this  solution,  or  one  prepared  from  pure 
metallic  zinc  of  the  same  strength,  the  sulphide  solution  must  be 
titrated. 

Alkaline  Lead  Indicator. — Is  made  by  heating  together  acetate 
of  lead,  tartaric  acid,  and  caustic  soda  solution  in  excess,  until 
a  clear  solution  is  produced.  It  is  preferable  to  mix  the  tartaric 
acid  and  soda  solution  first,  so  as  to  produce  sodic  tartrate ;  or  if 
the  latter  salt  is  at  hand,  it  may  be  used  instead  of  tartaric  acid. 
Soiue  operators  use  sodic  nitroprusside  instead  of  lead- 

The  Analyst*:  50  fix.  of  lino  solution  (=0'5  gm.  Zn)  are  put  into  a 
beaker,  a  mixture  of  solutions  of  ammonia  and  amnionic  carbonate  (3  of  the 
former  to  about  1  of  the  latter)  added  in  sufficient  quantity  to  redissolve 
the  precipitate  which  first  forms.  A  few  drops  of  the  lead  solution  are 
then,  by  menus  of  a  glass  rod,  placed  at  some  distance  from  each  other,  on 
filtering  paper,  laid  upon  a  slab  or  plate. 

The  solution  of  sodic  sulphide  contained  in  an  ordinary  Kohr's  burette 
is  then  suffered  to  flow  into  the  zinc  solution  until,  on  bringing  a  drop  from 
the  mixture  and  placing  it  upon  the  filtering  paper,  so  that  it  may  expand 
and  run  into  the  drop  of  lead  solution,  a  black  line  occurs  at  the  point  of 
contact ;  the  reaction  is  very  delicate.  At  first  it  will  be  difficult,  probably, 
to  hit  the  exact  point,  but  a  second  trial  with  26  or  60  c.c.  of  zinc  solution 
will  enable  the  operator  to  be  certain  of  the  corresponding  strength  of  the 
sulphide  solution.  As  this  latter  is  always  undergoing  a  slight  change,  it  is 
necessary  to  titrate  occasionally. 

Direct  titration  with  pure  zinc  solution  gave  99-6  and  100*2,  instead  of  100. 

Groll  recommends  the  use  of  protochloride  of  nickel  as  indicator, 
instead  of  sodic  nitroprusside  or  lead.  The  drops  are  allowed  to 
flow  together  on  a  porcelain  plate*  while  the  point  of  contact  shows 
a  blue  or  green  colour  the  zinc  is  not  all  precipitated  by  the  sodic 
sulphide,  therefore  the  latter  must  be  added  until  a  greyish  black 
colour  appears  at  contact. 

Another  indicator  is  paper  soaked  in  a  nearly  neutral  dilute 
solution  of  eobaltous  chloride,  which  when  dry  and  cold  is  colour- 
less. "When  touched  with  a  drop  of  liquid  containing  sodic  sulphide 
it  turns  to  a  green  tint,  rapidly  becoming  brown  when  wanned 


4.    Precipitation  as  Sulphide  with  Ferric  Indicator  (Schaffner). 

Schnffncr's  modification  of  this  process,  and  which  is  used 
constantly  at  the  laboratory  of  the  Vieille  Montagno  and  the 
Rhenish  Zinc  Works,  is  conducted  as  follows : — For  ores  containing 
over  35  per  cent,  zinc,  0-5  gm.  is  taken ;  for  poorer  ones,  1  gm.  to 
2  gm.     Silicates,  carbonates,  or   oxides,  are  treated   with  hydro- 
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ii'i'1,  milling  a  small  proportion  of  nitric  add  at  boilin| 
pero  ■  bleated  a  Lth  i 

and  ili"  sine  afterward*  extracted  by  I 
tin-   final  amn  ;        i  I  ion  is  than    p 

d  on  page  325. 

Tkt  Analytii:  The  titrution  is  made  with  a  solution  of  sodic  sulphide, 
of  which  should  equal  about  C01  jrm.  Zn.     The  Vieille  &!■ 

km  ferrio  chloride  as  an  indicator,  according  to  Schaff  iter's 
thin  purpose  a  single  drop  or  some  few  drops  of  this  chloride 
are  let  fall  into  the  ammomacal  solution  of  zinc.     Tho  iron  which  ban  been 
willed  is  at  once  00  nlo  red  flake."  of  hydrated  ferric  oxide,  which 

flout  at  tho  Itottou  of  the  flask.     If  sodic  sulphide  be  dropped  from  I  I 
into    tlio  solution  of    zinc,  n  whiter  precipitate  of    ainc  sulphide  is  at  BOOS 
awn  -1m smi,  nj«l  ili  ■  change  in  the  colour  of  tho  flakes  of  iron  from  red  to 

iment  when  ill  th>'  line  is  sulphuretted,  and  theti'! 

ended.     It  is  advisable  to  keep  the  solution  for  titration  at  from  40  to 

under  exactly  equal  renditions,  with  a  known 

id    carefully    weif  rtion  of    zinc,    gives    comparative   data    for 

m,  and    thus  for  the   determination   of  the  contents  of  any  sine 

by  means  of  a  simple  equation.     If,  for  example,  3045  e.c.  of  sodia 

ilphide  have  been  used  to  precipitate  0'25  (rm.  of  zinc,  1   cc.  of  it  n ill 

iii.  of  zinc  (30-46  :  02h—  1  ;  j,  and  therefore  ;r=o  O0821). 

I  out  the  following  concentrations  and  pro- 

dons  1     tat   tho   successful    execution    .if 

itions. 
The  eodic  sulphide  Bohition  which  is  .used  for  titration  must  l>c 
audi  that  1  cc  precipitates  8  to  10  m.gm.  of  zinc.     The  solution 
whirls  i        the  tine  which  has  to  be  estimated  will  eomplj 

tune  varies  between  the  limits 
I7"»  and    --">  cc     It.  is  advisable  that  all   solutions  of  zinc 
mhl   bo   pretty  equally  saturated    with  ammonia,  so   that  tho 
tided  as  an  indicator  maybe  precipitated  in  the 
au&e  ni.imuT  in  all  samples,  and  bo  that  the  Hakes  of  iron  may  be 
dways  el.  .in  ami  clear.     Freslilj  prepared  ferric  chloride  gives  the 
ilts. 
Tin;  essential  point  of  the  volumetric  process  practised  at  tho 
leille  Moutagne  is  the  perfect  uniformity  --f  worxing  adopted  in 
assays  with   reference   to  the   volume  of   the   .solutions  and 
ad    and    tin*   colour   of   the    indicator.      In   titrating. 
"f    ferric   chloride,   hydrochloric    m  id    and 
iia  am  steadily  used.     Work  is  done  always  at  one  taut* 
id    in  the   same  time,   particularly  at   the  end  of   the 
when    the   iron    liegins  to  take   on  that  characi 
colour  which  the  flakes  toko  at  the  edges — points  which  should 
looked.      As    a    further    prenautkai,    the    titrating 
•  provided  in  dupli<  being  dw  iys  made. 

It  penn  i  tccution   ■!"  several  titrations  without  th 

■    newel  of  iodic  sulphide,  whi 
isk  "t  In  ty  supplying  two  Mohr'a  hui 

Icr  which  the  beakers  can  !«■  placed  and  wormed.     A  mirroz 
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by  reflection  the,  iron  Hakes  which 
the  liquid. 

i-mige  uses  for  the  indicator  pi  ferric 

chloride,  strips  of  wliich  ore  dcd   ditrin  n  tiiat 

about  half  tin'  strip  dips  into  Lite  liquid. 

Ida  much  stress  cannot  be  laid   upon  the  n 
[aum  ti  ulphide  under  the  sumo  comlil 

fluid,  proportions  <if  NH8  and  1IC1,  nnd  coloui  of  the  indicator,  is 
will  actually  ocoax  in  tin  u  d 


6.      Estimation    as    Ferrocyanide. 
In  Acetic  Acid  Solution  (I  Ig  rini' 

and  iron  are  dissolved   in  acid,  and    tho   iron   pi 
ammonia,    the    ferric    oxide    invariably    carries   down 
jnirtit.il  of  zinc,  and  it  is  only  by  repeated  precipitation  t' 
complete   separation   can  1"'    made.     In  this   process   the 
converted  u  and  titrated   Ir 

of  potassii   rerrocyanide  in  the  p  I  insoluble  fi»rri 

The  Standard  Solution  "f   Potasaic    ;  l    by 

Qaletti,  containa  41*250  gm.  per  liter.     I  r.c.  -  0*01   . 
toal  working  p«  .       anal  be  fixed  by  experimi 

adard   Zinc  Solution,  10  gm.  of  pure  m 
dissolved  in  hydroehloric  eotd. 

The  process  is  available  in  the  presence  "f  moderate  quai 
of  iron  and  lead,  hut  copper,  uianganesc,  nickel,  and  cobell 
be  absent* 

The  adjustment  of  the  ferrocyanide  solution  (which  should  be 
freshly  prepared  at  short  intervals)  must  In-  made  in  |  i 
same  way,  and  with  tho  ntc  of   liquid   as  tin 

analysis  >>f  cree,  and  is  best  done  as  follows: — 

25  e.c.  of   zinc  solution  arc  measured  into  a  b»  f  liquid 

ammonia  of  sp.  gr.  O'iXK)  3ddod  to  render  the  solution  alkaline,  then  wy 
cautiously  acidified  with  id,  aud  60  c.c.  of  acid  amnionic  acetate 

(niado  by  adding  together  20  c.c.  of  ammonia  of  Bp,  I,  IS 

concentrated  acetic  acid  and  *J5  c.c.  of  distilled  water),  which  is  j^ured  into 
tho  mixture,  then  diluted  to  250  c.c.>and  warmed  to  aboul 
titration  is  then  made  with  the  ferrocyanide  solution  by  adding  it 
burette  until  the  whole  of  the  ziuc  is  precip 

ending  of  the  process  from  the  first,  chin  from  white  to  ih  grey, 

which  oocun  when  the  ferrocyanide  is  in  excess ;  but  I  prefer  to 
ending  by  taking  drops  from  tho  notation,  und  bringing  tbom  in  com 
solution  of    umiiic  acetate   on  a  white    plate    until  i    faint    brown 
appear*.     The    ferrocyanide    solution    should    be    ■  ■'  111    that 

uica.su re  for  inooBure  it  agrees  with  the  standard  zinc  solution     In   iho 
present  case  25  c.c.  would  Em  required. 

In  examining  ores  of  zinc,  such  as  calamine  and  blende,  Galetti 
0*6  gin.  for  the  analysis,  and  makes  the  solution  up  to  BOOc-C,    Oalai 
is  at  once  treated  with  1IC1  in  sufficient  quantity  to  ' 
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tlende  is  treated  with  aqua  regia,  and  evaporated  with  excess  of  HC1  Id 
Tin-  solution*  of  ril  Dfld  invariably  mutain 

in,  wbi'h  together  with   the  rino  i<  kepi   in  MtOtiofl  by  the  llt'l,  hnM.i 
the  peroxidation  of   (he  inm,  it   n  always  advisable  to  add  a  tittle 
i      |   \  boiling  beat  daring  the  extraction  of  Che  ore.    The 
ihlorie  solution  i-  then  diluted  to  aboni  100  <-..-.,  80  ce.  of  unmonia 
Ided,  heated  to  boiling,  exactly  neutralised  with  af  Use 

■id  amnionic  acetate  poured  in,  and  diluted  to  about  500  OX.     The  mixture 
prepared  wUI  nrnWn  all  the  elm  nd  the  iron  will  be  pre- 

imteted  The  titration  n»y  a  proceeded  with 

iture  of  shoot  60"  to  80*  c.  by  sddhig  the  fa  until  the 

reaction    with    uranium    is    obtained.     As    before    nieiiti- 
letti  Like-  e  of  colour  a*  the  Boding  of  the  process,  end  when 

I  i  ;     distinguishable,  hut  it  requires  ootiaidersble 
the  ur.iniuni  Indicator. 
When  using  the  uranium,  however,  I  prefer  to  dilute  the  zinc  solution  i 
both  in  i in-  udjuMiii-  nt  .if  the  standard  ferrocyanide  and  the  analysti  of 
ores.     The  dilution  is  niceasary  with  Galetti'fl  method  of   ending  the 
«,  but   half    the  volume  of    liquid,  or  even    [ess,   i**  better  with 
eternal  indicator. 

In  Hydrochloric  Acid  Solution  ( Tali  Mm  i  0  ami  Maxwell  Lvte). 

il  available  in  tin*  presence  of  boil}  copper,  nickel, 
.  or  manganese. 

Tit**  Standard  Solution  ol   Ferrocyanide.     1  to.— 0*01  gm.  «>f 
Lyte  finds  that  this  is  obtained  by  difiaolving  43*2  gm.  oi 
pure  j«>t;  panide  and  diluting  to  1  liter.     Tbw  corroepondfl 

rolutne  for  volume  with  q  solution  -  f  10  gm.  <>f  pare  zin<  in 

liV'li  .i'  i»!  diluted  to  1  liter.     My  experiment*  confirm 

ija,    bul    each   operator   i-   advised   to   adjust  Ms   solutions,   by 
ijN'iiinent,   always   using   tin    same  quantities  <>f    reagents  and 
rolume  »if  liquid.     Tin-  end  of  the  reaction  between  the  due  and 
round  by  uranium. 

The  Analytic :  If  a  solution  of  sine  freely  acidified  with  HC1  is  heated  to 
teai)y  boiling  point,  two  or  three  drops  of  nranie  eolation  added,  ami  the 
jrrooyanido  delivered  into  the  mixture  from  u  burette,  white  line  terro- 
ryanide  immediately  precipitates,  and  as  the  drops  of  ferrocyanide  fall  into 
ip  mixture,  a  brown  spot  of  oranie  ferrocjranide  appears,  bat  disappear!* 
urain  on  stirring  so  lon^  as  froo  sine  cm-'-  in  solution.     Tin-  moment  nil 
ted  into  Ferrocyanide,  the  addition  of  test  eolation  tinges 
le  whole  liquid  brown.     Thin  addition  of  uranium  to  the  liquid  may  be 
l  guide  to  the  final  testing  on  a  porcelain  plate,  since  as  the  p  re- 
proaches   completion,    the    tin^e  of    brown    disappears    inoro 
lowly.  1  ending,  howevexj  is  always  ascertained  by  FfW*jiwg  a 

two  of  the  liquid  upon  the  plate,  bringing  into  oontael  with  it  a 
pkI  iii.ii-t.rnil  with  nranie  solution ;  when  the  same  shade  of  colour  is 
cd  us  occurred  in  the  original  titration  of  the  ferroeyanide  solution, 

gives  the  following  rueth  tting  :i  blende  containing 

I,  copper,  and  iron  (O.  A*,  wi.  222):— 

■  -1  finely  powdered  ore  were  boiled  with  strong  HO  and  a  little 
itter  again  treated  in   lik<-  ntlODS 

nd  evaj^orated  somewhat,  ws  into  a  beaker,  cooled,  and  moist 
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boric  carbonate  added  to  precipitate  iron,  allowed  to  stand  a  few  hour*,  then 
into  a  200  e.c  tt-wk  -  ■    •  wa»bf! 

until  n  «a*ure  w-v 

moaaurcd   into  a  small   beaker.  diluted  water, 

:i  dixipi  of  manic  dded,  u,>i 

Whan  7"  c.c.  were  added  the  brown  tinge  diMppoared  slowly; 
the  taMin;:  on  I  white  plaiv  wu  than  reeortod  to.  tod  the 
added  drop  by  drop,  anal  toe  proper  en1 
excess  of  ferrocyanide  was  ncoeJira.rv  to 

was  deducted,  leaving  7-  3  ■  iy  neccsaon    to  pi. 

the  line.    Tin  i  Zn  ■«■ 

M*4  pa 

The  wimple  in  question  aliout  2  ~ 

but  tibia  wu  precipitated  with  the  imn  by  the  ljnri 
it.  contained  a  larger  quantity,  the  procwe 

lable  unless  the  copper  wi  I  by  other  mean 

Fahlberg  (Z.  a.  O.  1874 
chJoric    solution    with    ferrocyamae    and    limine    ini 
recorninandfl  the  addition  of   ainmonic  chloride  to  tl> 
about   five   times  tin-   weight   of   line  present      With   U> 
known  retarding  affect  of  ammonia  salta  on  the  unnium  reaction, 

musl    1"   careful   to   carry   out   his   imnlv> 
in  the  same  way  ai  the  original  titration. 

Oral  containing  ailena  or  copper  are  treated  with  aqua  rtgim, 
with  execs  of  Jlv'l,  the  heavy  met  '  tted  with  li  ■  red  off. 

the    iron    peroxidiiiod    with    HNO3  or   KC  0 
ammonia,  dissolved   nnd   re-precipitated  twice,   to   reran  vl-    u! 
ammoniai  d  nlutioxu  are  then  mixed,  neutralised  with  HO,  10  or  I! 
'i -if t-d  Iin  added,  then  titrated  with  tenunjamaa. 

Fa  iiliu  rg  at  ited  in  hi  ■  i1  it  the  pi 

good   results   with   ores  containing  load, 

iron  j  bnt  this  u  certainly  not  true  as  to  m*t^aa  he  hai 

since  acknowledged  the  fact.     He  ,  that  U 

brown  lead  dioxide  ia  shaken  up  with  the  sulplutric  solution 
the    whole   <tf   the   Fb   and    Mu   are   precipitated      The   Liquid  i* 
altered  <<tr,  precipital  then  filtrate  and  v 

with  ferrocyanide. 

Mnhon    (Amer,   Client,   Jotim.   iv.   53)   uses   the    V 
method  much  in  the  same  way  w  tibovi  1.  but  find 

Mn  must  be  abeenl   to  an  nits.     In  the  ]  n 

Mu  li«'    i  i       !   -  the  Zn  from  a  strong  acetic  solution 
The  sulphide  is  then  dissolved  in  HC1  and  I  before. 

Technical  process  for  Ore*  containing-  Iron. — Vo i g I  {Zeit.  amg,  Ckem. 
1880,  807,  30tS).— The  solution  of  the  substance  in  hydrochloric  acid  i 
oxidized  with  nitric  acid  mid  diluted  to  about  100  c.c,     Sufi 

i  to  keep  the  Iron  in  solution  U  adde-l,  and  then  ammonia 
alkalinity,  and  the  liquid  is  further  diluted  to  about  .  Mam" 

solution  of  potassic  ferrocyanide  if  then  run  in,  until  a  drop  of  the  mixture 
brought  in  contact  with  stron  i    d  develops  nl  blue.    Tbo 

forrocj  m  ible  ^tr<*n^tli  if   1   e.c    i-  equal  to  O'Ol 

About  46  toil,  of  the  aalt  is  diaBolved  to  a  liter,  nnd  the 
ized  agaiust  oue  of  zinc  made  by  diarolvintf  12*401  inn.  of  zinc 
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droc&lorio  arid  and  diluting  to  a  liter;  lOao,  of  this  solution  is  mixed 
ith  5  tfin.  ui  .  i  few  drop  chloride,  ammonia* and 

i  should  require  tOccd  tlio  ferrocyanide.    An  essential 
►ndition   h  thai  ihe  execs*  of   ammonia  should  be  as  small  as  ]-> 

it  remits  are  obtained  when  much  manjpinesv  is  i  resent  ;  lead  is  QOt 
■ 


0.     Estimation  of  Zinc  as  Oxalate. 

method  is  based  t  nil  bha  metsJa  of   the 

naeia  ^ti>ii]'  are  precipitated  in  tin-  aljeence  of  alkaline  Balta  by 
vritb  the  addition  ..f  alcohol     The  re  very  few 

which  such  a  method  enn  be  nude  available,  but  the  i»r* <«  • 

■  I   1<\    \V.   G.   I,«*i  pt,    l-^Ttl) 

i 

33m  OHO  compound  is  obtain.:-*],  preferably  as  sulphate,  iu  neutral  solution, 
1  strong  solution  of  oxalic  acid  and  u  tolerable  quantity  of  strong  alcohol 
quickly  separates  in  i  fine  en  ivnich 

pn  washed  by  alcohol  from  excess  of  oxatto  arid  and  dried,  nm  It.  dissolved 
hot  dilute  sulphurie  arid,  and  titraUxl  with  penunii^anate;  the  am 
zinc  is  calculated  bom  the  weight  of  oxalic  acid  so  found.    If  tin 

ho  washed  ou  a  paper  filter,  it  cannot  be  separate  from  the  paper 

urination  wits  fibres  of  that  material,  which  would  of  ■  ■.  i 
i  Dome  extenl  the  permanganate  solution.     Hence  it  is  adviso 
at  through  very  clean  sand,  best  done  by  a  special  funnel  j^round  o 
tbt  bl  i  'his  i>  dropped  a  pear-shaped  stepper  wife  a  long  stent, 

ic  |H-:ir-*h.i|"   ;  Bating  the  funnel  throat   ti^htlv  enough  to  prevent 

id  but  ma  liquids  from  passing;  a  layer  or  sand  being  planed  opon  the 
buliir  toked  ckeeJy,  bha  Bqma  rontaining  the 

date  is  brought  upon  it  and  so  washed;  finally  tin  stopper  li  lilted,  tbo 
oxalate  washed  through  with  dilute  acid  into  a  clean  flask,  and  the 
itration  completed. 


7.     Zinc   Dust. 

The  value  of  tins  to  I  spends  upon  tin-  amount  of  metallic 

idc  contained  in  i  it  generally  contains  a  low  proportion 

oxide,   ill'1   foregoing  methods  an  ti"t  available   tea  tn 

in.     Tin-  volume  of  hydrogen  yielded  bj   it  on  treatment 

itli  acids  appears  t.>  me  to  be  tin-  i  >\  by 

ii  i im  or  by  Barnea  (./.  S.  0,  I.  v.  145),     This  may  vary 

ell   )>i-   dons    in    tli"   nitrometer  with  Basic,   ami 

annexing  the  volume  of  gas  yielded  by  pure  sine  ana  the  sample 

<lu.<t  under  examination. 

Weil   decomposes  a  known  volume  *>f   standard  solution  "f 
ippcr  ''.v  digesting  0"4  gin.  ->f  tin-  zinc  dust  in  a  platinum  c  insole, 
itli  BO&c  "l'  copper  solution  containing  0*5  gm.  Cu.    The  line 
dpitAtcs    metallic    copper    equivalent    for   equivalent      After 
g  tlio   /.in         i  ilk  copper  by  lilti    ion      td 

ing,  an  aliquot  portion  of  tin-  ftltrat  is  titrated  with  standard 
lotion  for  the  ex  ■  •-  ol  L  in  §  54.6,    The 
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s  7  amount  of  Cu  precipitated,  when  multiplied  by  the  factor  1*0236, 
s  %  will  .give  the  Zn  in  the  0*4  gm.  of  dust 

X  *  Many  other  methods  have  been  proposed  for  the  valuation  of 
x  vShis  substance.  The  best  is  that  of  Klemp  (Z.  a.  C.  xxix.  253), 
Jj  j  which  consists  in  treating  the  dust  with  an  excess  of  caustic 
if. ,  potash  and  potassic  iodate :  the  latter  is  reduced  in  definite  pro- 
W  portion  by  the  metallic  zinc  to  potaasic  iodide,  and  the  latter 
**  v  estimated  by  distillation  in  the  iodomctric  apparatus,  fig.  29,  30, 
^  3  or  34.  The  solutions  of  potash  and  iodate  must  be  somewhat 
"[vsjconcentrated,  and  the  mixture  with  the  zinc  dust  must  be  intimate, 
which  may  be  best  secured  by  shaking  the  whole  together  in  a 
well-stoppered  200  c.c  flask  with  glass  beads.  A.  5  per  cent 
solution  of  iodate  should  be  used,  and  the  potash  solution  should 
be  about  40  per  cent  For  1  gm.  of  the  dust,  30  c.c  of  the  iodate 
id  so  much  of  the  potash  solution  ami  m&ut  should  be  used  as  to 
measure  130  c.c.  The  weighed  substance,  together  with  the 
beads,  being  already  in  the  flask,  the  solutions  are  added,  the 
'stopper  greased  with  vaseline,  tied  down  and  shaken  for  five 
minutes,  then  heated  on  the  water  bath,  with  occasional  shaking, 
Tor  one  Bout?  The  flask  is  then  cooled  and  the  contents-  diluted  to 
250  or  500  c.c,  and  50  or  100  cc.  placed  in  the  distilling  flask, 
acidified  with  sulphuric  acid,  and  the  iodine  so  set  free  distilled 
into  solution  of  potaasic  iodide,  and  titrated  with  thiosulphatc  in 
the  usual  way.    Each  0*2  cm.  of  iodine  so  found  =  0*25644  gm.  Zn. 

9  8.     Zinc  Oxide  and  Carbonate. 

Benedikt  and  Cantor  (Zeit.  angew.  Chem.  1888,  236,  237) 
shew  that  zinc  oxide  and  carbonate  can  be  accurately  titrated  with 
standard  acid  and  alkali,  using  methyl  orange  as  indicator,  ami 
other  zinc  salts,  using  phenol phthalcin.  The  oxide  or  carbonate  is 
dissolved  in  excess  of  acid,  and  the  excess  titrated  back  by  soda 
solution.  Zinc  salts  are  dissolved  in  water  (50  c.c.  to  0*1  gm.  ZnO), 
phcnolphthalcin  is  added,  and  then  standard  soda  solution  to  intense 
red  colour.  A  few  more  cc.  of  soda  are  then  added,  the  mixture  is 
boiled  for  sonic  minutes,  and  the  excess  of  soda  titrated.  If 
either  free  acid  or  zinc  oxide  is  present  in  the  zinc  salt*  it  is 
neutralized  in  presence  of  methyl  orange  by  alkali  or  acid,  as  the 
case  may  be. 

VANADIUM. 

V=51-2. 

§  79.  Vanadium  salts,  or  the  oxides  of  this  element,  may  be 
very  satisfactorily  titrated  by  reduction  with  a  standard  ferrous 
solution ;  thus — 

2FeO  +  V05=Fe2Oy  +  VO*. 
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1  gm.  of  Fe  represents  1*630357  gm.  of  vanadic  pentoxkle. 

Lindemann  (Z.  a.  C.  xviii.  99)  recommends  the  use  of  a 
solution  of  ferrous  ammonio-sulphate  (double  iron  salt)  standardized 
by  its  potflssic  bichromate. 

Of  course  it  is  necessary  that  the  vanadium  compound  should  be 
in  the  highest  state  of  oxidation,  preferably  in  pure  sulphuric  acid 
solution.  The  blue  colour  of  the  tetroxide  in  the  dilute  liquid  has 
no  misleading  effect  in  testing  with  ferridcyanide. 

With  hydrochloric  acid  great  care  must  be  taken  to  insure 
absence  of  free  CI  or  other  impurities.  The  end-point  in  the  case 
of  this  acid  is  different  from  that  with  sulphuric  acid,  owing  to  the 
colour  of  the  ferric  chloride,  the  mixture  becoming  clear  green. 

The  accuracy  of  the  reaction  is  not  interfered  with  by  ferric  or 
chromic  salts,  alumina,  fixed  alkalies,  or  salts  of  ammonia. 

Vanadic  solutions  being  exceedingly  sensitive  to  the  action  of 
reducing  agents,  great  care  must  be  exercised  to  exclude  dust 
or  other  carbonaceous  matters,  alcohol,  etc. 
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APPENDIX  TO  PART  V. 

BOBIO    ACID   AND    BOBATZ8. 

Boric  anhydride  BKfi^70. 

§  80.  The  soda  in  borax  may,  according  to  Thompson,  he 
very  accurately  estimated  by  titrating  the  salt  with  standard  H2SO* 
and  methyl  orange  or  lacmoid  paper.  Litmus  and  phenacetolin 
give  very  doubtful  end-reactions:  phenolphthalein  is  utterly  useless. 

Example :  1*683  gm.  sodic  pyroborate  in  GO  c.c.  of  water  required  in  one 
case  16*7  c.c.  normal  acid,  and  in  a  second  16*66  cc.  The  mean  of  the  two 
represents  0*517  gm.  Na*0.    Theory  requires  0*616  gm. 

Since  borates  are  now  much  used  as  preservative  agents,  a 
method  which  may  be  relied  upon  for  technical  purposes  will  he  of 
considerable  service,  and  such  is  described  by  E.  F.  Smith  (Amer. 
OJiem.  Joztrn.  1882).  The  process  depends  on  the  fact,  that  if  a 
solution  of  manganese  sulphate  is  added  to  one  of  borax,  then 
alcohol  iu  equal  volume,  a  wliite  flocculent  precipitate  of  MnB40" 
separates,  which  is  insoluble  in  the  alcoholic  liquid.  The  excess  of 
manganese  sulphate  is  then  determined  after  expulsion  of  the 
alcohol  by  permanganate,  according  to  Guyard's  or  Volhard's 
method  (§  64.2). 

Example;  10  c.c.  of  borax  solution  containing  01  gm. ;  to  this  were 
added  10  c.c.  of  solution  of  manganese  sulphate  containing  0*06  gm.  MnSO1 
and  20  c.c.  of  strong  alcohol.  The  mixture  was  well  stirred,  covered  up,  and 
allowed  to  stand  for  half  an  hour ;  then  filtered  (best  with  suction  pump) 
and  well  washed  with  alcohol.  Filtrate  *and  washings  then  evaporated  to 
dryness  in  a  platinum  or  porcelain  basin. 

The  residual  Mn  was  then  dissolved  in  water,  some  strong  solution  of  zinc 
sulphate  added,  heated  near  to  boiling,  and  permanganate  delivered  in  from 
a  burette  until  a  permanent  pink  colour  was  produced.  The  strength  of  the 
permanganate  was  such  that  16*6  c.c.=10  c.c.  of  MnSO4  solution  by  the 
same  method  of  titration.  The  amount  of  MnSO4  so  found  deducted  from 
that  originally  added  gave  the  amount  combined  with  the  boncic  acid. 

In  this  instance  6*4  c.c.  of  permanganate  were  required  =0'0207  gin., 
showing  0-0393  gm.  to  be  combined=36'44  per  cent.  BKr.  Theory  requires 
306  per  cent. 

A  mean  of  eighteen  determinations  gave  36*5  per  cent,  of  B'O* 
in  the  sample  of  pure  borax.  The  method  is  therefore  very  fairly 
accurate  for  soluble  borates. 

In  estimating  the  boracic  acid  in  insoluble  borates,  as  tourmaline, 
the  following  course  was  pursued  : — 

The  finely  pulverized  substance  was  fused  with  a  weighed  quantity  of  pure 
sodic  carbonate,  the  fused  mass  exhausted  with  water,  and  to  the  filtrate 
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containing  all  the  audio  borate,  together  with  ue  and  aluminate, 

vu  added  an  amount  of  pure  amnionic  sulphate  mohx-nliirly  L-<|iiiv.dcnt 
tothesodie  carbonate.  ThesoluLion  was  liieu  digested  until  all  tin-  unmonia 
expelled  oud  the  volume  of  Ihe  liquid  largely  reduced.  Any  silica  or 
uliirh  had  nmted  in  now  filtered  off,  and  tin*  pmefpitatt 
sly  Trashed  with  hot  water.  The  solution,  again  reduced  Is  VOnnno 
the  borate  and  sulphates  of  lodiiun  and  ammonium, 
mixed  with  a  definite  amount  'if  :l  manganese  sulphate  ntatioa  (strength 
usly  determined),  alcohol  added,  and  a  ft  it  standing  One  half-hour  the 
borate  was  removed  by  filtration,  the  filtrate  evaporated  to  dryness,  and  tho 
residue  carefully  ignited  to  expel  the  ammonium  salt.  The  manganese 
sulphate  left  was  dissolved  in  water,  and  the  titration  carried  out  is  before 
described. 

In  a  ipeoimBQof  tourmaline  from  New  York  tin*  benefa 
found  Viv  this  method  was  0*7  percent     Another  portion  of  the 
wiin  t]  with  Marignac'a  method  yielded  10  pet  sank  ilJ<  >■*. 

In  enofher  tounnefine  (locality  unknown)  two  deteTminttionfl  by 
this,  method  gave  i '■■"»•">  and  6*32  pet  cent  U-o,  while  with 
Hi  method  the  amount  obtained  wu  6*8  pes  oent,  B 

In   some   instance*    upon   evapoxating   tin-   elooboUc    solution 
Lining  the   exoen   >>l   manganese   sulphate, 
wxrish  flocke  separated.     Thee*  m  re  always  diaeolved  in  n  little 
solpfattTic  acid  and  thru  evap 

It  in  pexhapa  hardly  neceeeary  t<>  say  thai   some  delicacy  «>f 
upulatiorj  w  :;  n  carrying  out  this  process,  especially 

very  small  quantities  arc  dealt  with. 

A  rapid  and  fairly  accurate  estimation  of  free  boric  acid   may  l>e  made 

rted  by  Will  (Arch.  Pharm.  [31,25,1101—1113),  by  titration  with 

iiidard  baryta  solution,  which  is  added  to  the  solution  of  the  acid  until 

turbidity  appearing  at  first,  is  completely  and  exactly  removed.    The 

lount  of    baric  hydroxide  used  is  exactly  double  the  equivalent  of    the 

io  acid  present,  according  to  the  equation  4HaB03  +  Ba  (IlO)*=BaB*07+ 

:0.     Schwa  rz  has  recently  shown  that   the  bnrie  arid  set    free   from 

ax  by  nitric  acid  does  not  affect  Congo-red,  whilst   the  slightest  ai 

itric  acid  produces  a  blue-violet  tint,  and  ou  this  has  based  an  obvious 

»thod  for  estimating  the  amount  of  acid  in  the  borax.     The  bon> 

may  also  bo  determined  by  titration  with  baryta  water  as  above, 

ethyl  or  methyl  orange  may  ho  substituted  Tor  the  Cougo-red,  and  hydro- 

doric  acid  may  be  used  to  decompose  the  borax.     A  mixture  of  free  both) 

id  and  borax  solution  may  be  dealt  with  by  a  combination  of  the  two 

th:it  i«,  by  first  titrating  With  standard  SOUL,  and   then  titrating  the 

id  with  baryta  water.     Instead  of  Brit   letting  free  the  acid, 

in  of  pure  borax  can  be  titrated  directly  by  baryta  solution,  hut  only 

ball  the  amount  of  standard  solution  is  now  required,  since  the  equivalent 

amount  ef  sodie  hydroxide  Sot  free  replaces  I  he  other  half  of  baryta. 

In  the  presence  of  borax,  chlorides  can  be  estimated  directly  by  means 

using  potaasic   chromate  as   indicator;    free   boric  acid 

Lterferes  with  the  reaction  In  thll  rase;  the  free  acid  is  first  determined  by 

Lus  of  baryta  solution;  then   normal  soda  solution  amiivalent  to  at  least 

ilf  tho  baryta  solution  employed  is  added,  and  then  dilute  sulphuric  acid 

Ltil  neutral ;  the  chlorides  can  now  bo  directly  estimated.    The  addition  of 

tuition  may  be  omitted  when  estimating  i  hloridos  iu  the  presence  of 

ittle  free  boric  acid    ind  much  borax,  just  as  in  the  presence  of  Eenu  only. 
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id  can  be  determined  in  separate 
portSoOa,  and  600    be  directly  titrutol.     J'li-  chloride*  after  neutr'' 
m  in- .'iti*  of  MXb)  "ulntioti. 
Boric  acid  in  pn  rtimated  by  the  aid  <«r 

cator,    To  tho  solution  we  of  nti 

■  i"    the    indicator  are  added,  and   tlmn  standard    loryti 
Eolation  until  a  ratal  yellow  tint  appears;  uonnal  bydroi  i 

jidd.'d  until  :i  faint  rose  tint  bi  rOM  oolour,  pondilii; 

■moanl  from  the  ori^nnul  union 

the  rn  i  I  the  boric  add,     A  further  n  chloric 

riHd  until  the  colour  changes  from  rose  to  yellow  frith  tfa 

M  a  control  estimation ;  the  acid  thus  taken  being  equivalent  to  the  baryta 

combined    with    the   borifl   add.       Hairing   the  buryta  nud  ca! 

SOjurtaUmt    bflris  acid,   tin-   Jatffllll  h   the  amount  first   formed. 

Nulphnte*  o(    i  urid  of  the  alkaline  earl  I  ■--,  .  \ ■-. -j.ti  il:  magnesia,  may 

lw  pumflt    A  Little  practice  ni  the  roac 

md  it  b  found  better  to  use  normal  acid  rather  than  a  weaker  on 

Worn  iu  the  presence  "f  eulpbal 
may  be  directly  applied. 


OILS    AND    FATS. 

j  81,     Thk  examination  of   fattj 
soluble  or  volatile  and  total  fatty  s  &  late  assumed  ven 

considerable  importance,  in  view  <«f  furruahing  results  f/hJ 
in   determining   the   amount   of  adulteration   to  which   bin 
subject      It   has  been  found   especially  serviceable  in   U 
butter,  and  two  methods  are  in  vogue,  both  of  which 
technical  results.     The  same  m<  mare  or  less  ;■' 

the  examination  «»f    fats  other  than  butter;   aud  furth 
moats  by  various  operators  have  rendered  the  m<  thods  of  value  for 
differentiating  various  i'itt\  bodies.     The  titration  method! 
originated  b)    Koettstorfer  (Z.  a.  C.  xix.   199)  and 
(Z.  a.   C.  xviii.  08),  Wli  lwing  based  on  sue 
with  ii  ;      ■  reul,  and  by  fieb  u 

in  their  well-known  treatiBe  on  Butter  AnaJyaia 

The  same  ma}  be  said  to  a  great  extent  of  another 
interesting  method  "f  examining  the  nature  and  eompoait] 
various  fats,  by  the  power  they  possess  "f  absorbing 
iodine.     This  method,  as  regards  bromine,  has   b 
with  considerable  diligence  nud   abilitv  bv  Mills  ami    S 
(J.  &  C.  I.  ii-  435  tmd  ifnti  iii.  366)/ also  by  Allen   I 
also  in  his  well-known  treatise  on  Organic  Analysis).     The  iodine 
method  of  Hub!  is  described  in  J.  S.   C.   /.iii.   641.      The* 
various  methods  have   been  most  voluminously  di 

il  and  pructi 
shortly  the  methods  of  analysis.     It   is  only  perhaps  u 
way   that    Hubl's    iodine    method    is    now   generally 
bo  the  absorption  by  bromine. 
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Butter. 

.eichort's  Method. — This  consist*   in  UT-pCttlifyfag  the    fat  I 

unined  by  an  alkali,  separating  the  fixed  acjcu  bj  aeutxalttiiig 

[Q  alkali,  and  distilling  off  the  volatile  adds  (chiefly  butyric]  for 

idard  arid    [i  toettstorfer's  method] 

dution  of  caustic  alkali  is  used,  it  in  OMfintfal 

I  ion  of  CO2  by  long  exposure. 

Tkm  Analysis  .  8*S  gm..  of  tho  sample,  :ift"P  matting  <m   the   Wat 
allowing  tho  water  to  settle  and  filtering  through  a  dry  filter,  arc  weighed 
into  ■  Qtek  holding  ftbout   100  c.c.,  and  to  it  is  added  a  suffiaii 
alcoholic  solution  of   potash  to  saponify  tho  fat  on  heating  in  the  water 
both.     :  latum  of  about  \  strength  is  generally  sufficient.     Clo.w 

the  flask  with  i  •  <<rk  fitted  with  a  long  vertical  tube, and  continue  tin-  fa 
in  the  water  bath  until  nerfoct  solution  is  obtained,  then  transfer  th> 
to  a  per  1m  basin,  and  boat  in  the  bath  till  the  alcohol  ia  completely 

evaporated.      The   residue   is   then    disiotved    in  about  60  c.c.   of    water, 
transferred  bock  to  the  flask,  dilute  ll-SO*  added  in  modern  to  excess,  then 
diluted  with  water  to  about  75  c.c.    Some  unal!  pieou  of  panties  j*trnn vr 
it  with  intervening  small  spirals  of  thin  platinum  wire  an  then  placed 
liquid,  the  flask  connected  with  a  small  condenser,  and  the  liquid 
distilled  una  small  sand  bath  until  at  least  two-thirds  of  iN  u.lumu  Ease 
tDeoted.     The  distillate  is  then    filtered  if   necessary,  and  mrcfully 
titrated  with  ,"5  soda  or  potash,  anng  phcnolphtha'eiii  as  indicator. 

Tin-  distillate  from  2*fi  gm.  of  a  genuine  battel  requires, 
anting  to  all  experience,  not  Leas  than  Il'">  <•.<•.  of  ^  alkali, 
icu  tb.  Las  above  described,     Higher  figures 

obtained  by  carrying  the  distillation  still  farther, 
!f  obtained  an  average  of  11  co.  in  the  case  of 
ire  butters  ;  but  his  paper  describee  the  details  of  the  process  so 
[perfectly,  that  a  doubt  is  left  as  to  how  far  the  distillation  was 
number  of  cc  of  arid  used  is  to  be  expressed  in 
of  butyric  acid  the  factor  0*352  may  be  used  (Allen),  and 
in  the  mm  of  rviniiring  12'5  c.c.  of  acid  with   3'B  gin.   of  butter 
ie  resulting  figure  is  4*41.     The  results  t»t  many  operators  reduoed 
this  way  show  from  441  to  4*96,  but  none  of  tbetn  fell  below 
he  former  number,  whi  Before  be  taken  as  the  inferior 

limit.*     Butter  from  goats1  and  ewes'  milk  gave  practioally  the 
same   results,    while  butterine  or  uleoiuurgarine  gave  in  ni    i 
higher  thai  rally  much  less.     Gccoemit  ofl,  among  the 

adulterants  of    butter,  gi  vc   tho  highest  Hgurc,  viz,,  1*15 
liis  Is  bo  foi  below  the  figure  for  butter,  thai  even 
admixture  could  at  once  be  detected.      It  may  be 
1    that  tie-  exact   weighing  of  2*5  gm.   «>f   butter  into 
especially  if  not  solidified,  is  a  difficult  opegatraaj  *fc  *-s 

expressta*  tho  result  in  term*  of  butyric  Rcid  (eq.^98),  Allonadrlsaa 

of  UiA  wftight  of   KHU  neutralised  by  the  distillate  from  100  gm.  of 

obtained  by  multiplying  the  volume  of  f-  solution  neutralized  by  the 

f pwi  IS  gm.  of  fat  by  0-2241.     Toil  (rives  Uw  percentage  by  weight  of   KHU 

by  laelut. 
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then!  bti  about  tl 

ill.'    exact    weight,    mnl    arrh  ing    at    a    coxupai  i!  lit    by 

calrlll-i 

'I'd''   method   above  de* 
y  of  cmbSj  bat  Wull n \ 
■  I 

es  ■  >(   error  which   must  bo 

The  oli 
qddm  in  carbonic  acid,  which  may  at  proaent 

in  the  alcoholic  potash.     Re  tl 

■datum  of  tode  in  place  of  th  n  l-urytu  to 

for  the  Ana]  titration. 

In  order  to  avoid  exposure  t-i  the  iur  during  tin 
and   also    Lore  *>f   volatile   ucide,  Wollny  devised    th 
A  condenser  slanting  opu     I 
tli   urwn    "■ 
take  place.     The  flask  i.^  -  :  with  tho  ■  by  means 

■  <f  .1   |  I  india-rubber  tubes,  bo  that  the  log  *<f 

can  be  directed  upward  or  downward  Daring  & 

.  which  should  take  tialf  an  Lour  on  the  boiling  water  bath, 
the  leg  *if  the  "|"-pXece  u  directed  upward,  beii  with  a 

short  piece  >-f   India-mbbi  hoi  in  thi* 

manna    nine  back   into  the  tins!,.     After  that  time  t1!     "J" 
is  turned  downwanl  ai  ohnl  can  tl 

iu  a  flnsk  Btandiug  beneath.     After  twenty  minutes,  when 
is.  complete,  the    | -piece  is  again  turned  upwards,  and 
100  0.C,  <>f  boiling  water  arc  run  into  the  flask 
pipette   being  tightly  joined  to  the  short   piece  <»f  india-n 
TK--   "Tl'1"'0   is   closed   again    until    the  soap   i- 
Bolvod  in  the  water,   solution   Wing  assisted  by  gently  ahnkiog 
the  Husk. 

The  AnaltftU:  5  gin.  of  the  clear  butter  fat  are  accurately  wi 
300  e.c.  flask  (round  form,  length  of  neck  7  or  8  centimeters,  width  of  neck 
•J  centimeters),  2  en.  uf  50  per  cent,  soda  solution  £•*  i  1m*  preaenwl 

so  that  carbonic  anitl  cnuiuot  be  absorbed),  and  10  e.r.  of  96 
are  added,  and  the  mixture  is  heated  under  a  reflux  condenser  for  fiftaw 

-  in  a  beiling  water  bath.     The  alcohol  is  then  distilled  otT 
the  flask  is  heated  for  at  least  half  on  hour;  10O  0.0.  of  boiling  water  ire 
added  under  due  precautions, and  the  flask  heated  until  the  soari 
dissolved.    40  o.C.  of   sulphuric  acid   (26  c.c   EPSO4  in   1    liter)  and  two 
pieces  of  pumice  of  the  sue  of  a  pea  are  added,  and  the  flask  is  at  oner 
• 'turner ted  with  a  condenser  by  means  of  a  g!:.- 
and  hai  i  listanoe  of  1  < 

of    2—25  centimeters.      The   tube   is  bent    imrae<!  »-    the  bulb 

upward  in  an  oblique  angle,  in  which  direction  it  exl  -»miimeters, 

and  is  then  again  bent  downward,  also  in  oblique  angle,  and  th 
with  u  condenser  by  moans  of  an    india-rubber  ti.  ru»k  is  thao 

I  bv  means  of  a  very  small  flame,  until  the  insoluble  Eatflff 

t'.'ly  fused;  llo  o.e. are  Had  off  intn  a  graduated  flasl 

thin y  minutes;  thodisl 
off.     Til  'cmd    into  a  beaker,   1   e.c.  <>)    j, 
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gin.  in  1  liter  50  per  sent,  Uoobol)  milled  and  titrated  with  deci  normal 
rut  solutiyi  trytR  DJBd  one-tenth  io  added,  M  I 

i  by   blank  experiment  is  subtracted;  the  latter  should  not 

■ 

Xoettatorfer'a  Method. — Tliis  Operation  estimates   tin-  BapOtU- 

rmvalent  "f  any  ,  but  La  allowed  on  :ill 

mU  to  be  ry  in  discriniinating  mixtures  of  other 

its  with  butter,  although  extremely  useful     In  this  method  tin- 
in  the  f.it  ttecL     Tin1  solutions 
quired  are  the  following: — 

Standard  Hydn  i  i-normal  strength,  i.e.,  I 

liter, 

lard  Solution  <>f  Caustic  Potash  in  AloohoL  —  Methylated 

digested  with  p  nate,  dehydrated  with  dry 

tilled,  rejecting  the  first  portion  , 

used  iti  p]  ohol     In  any  case  the  strength  anould 

>t  be  less  than  90  pes  ceat»  aad  tha  solution  shoold  be  Ereahlj 

de  to  avoid  any  deep  colouration  likely  to  Interfere  with  the 

a  in  strength,  it  i*  not  possible  to 
■lv  apon  its  being  semi-normal,  bat  it  should  be  roughly  adjusted 
•   that  strength  with  absolutely  accurate  hydrochloric  wad, 
il  u  blank  experiment  made  side  tq   side  with  each  titration  of 
\U     Tli  tsed  in  the  ml  titration  Is  thus  expressed 

id   to  arrive  at  the  percentage  of  potash 
multiplied  by  0*02805.     The  saponification  equivalent  of 
iil  is  found  by  dividing  the  weight  in  Eailligrarns  "f  the 
i       bj  the  numhei  <<f  cc.  of  normaJ  (not  })  add  corresponding 
tin-  aueafa'  neutralized  by  the  oil     If  the  percentage  of  po 
known,  the  anponifj  ivalant  may  be  found  by  dividing 

rentage    into   6610,   or  if    XaHt)    is    the    alkali  I 

tto   4000. 

The  Jnalyiiss   From  2  to  2ro  gin.  of    the   fat,  previously  purified  by 

uid  filtration,  are  carefully  weighed  into  i  fiaai   fitted  witi]  , 

ibe.     :!■'■  I  potash  ire  then  added,  the  mixture  heated  on  the 

og,  with  ooeaaiona]  agitation,  until :»  perfectly  elear 

ie  obtained.   Koel  I  >t  or  for  re  ommends  heating  for  fifteen  minutes; 

lueaseof  butters  this ia ge&  than  eultieient;  with  other 

dilute*  to  hnlf  an  hour  maybe  required.     At  the  end  of  the 

i  from  tlip  hath,  a  definite  and  ool  t"" 

>lphthulein  added,  and  the  titration  carried  out  with 

■ir  as  w  possible. 

Iculation   adopted    by  Koettstorfer   is   to 
lilligrams  of  KHO  required  to  saturate 
[a  contained  in    1   gm.  of    fat,    »r,   in    other  \\ 
ir  1000.     He    found  that,  operating  in    this  way,  pure  butters 

.  of  KIM  >  for   1  gm.,  wh 
illy  mixed  witli  butter,  such  as  beef,  mutton,  and  ]*< >rk 

I  2 
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fat,  required  a  maximum  of  197  m.gm.  for  1  gm.,  and  other  oils 
and  fats  much  leas. 

Practically  this  means  that  the  amount  of  KJIO  required  for 
genuine  butters  ranges  from  23*24  to  22*15  per  cent,  the  latter 
being  the  inferior  limit.  If  caustic  soda  is  used  instead  of  potash, 
other  numbers  must  of  course  be  used. 

My  experience,  and,  I  believe,  also  that  of  others,  shows  that 
the  method  cannot  be  depended  upon  in  the  case  of  old  re-melted 
butters,  although  perfectly  genuine. 

The  following  fist  shows  the  parts  of  KHO  required  per  1000 
of  fat ;  the  first  four  being  calculated  from  their  known  equivalents, 
the  rest  obtained  experimentally  by  Koettstorfer,  Allen, 
Stoddart,  or  Archbutt: — 


Tripalmitin. 

2088 

Linseed 

.     189—195 

Tristearin    . 

1891 

Cotton  Seed . 

.     191—196 

Triolein 

190-4 

Whale. 

.     190—191 

Tributyrin  . 

657*3 

Seal     ♦ 

.     191—196 

Coooanut  Oil 

2700 

Colza  and  Rape 

.     175—179 

Dripping     . 

197*0 

Cod  Oil 

.     182—187 

Lard   . 

195*6 

Pilchard 

.     186—187 

Horse  Fat   . 

199*4 

Castor  . 

.     17&-178 

Lard  Oil      . 

.     191—196 

Sperm  . 
Shark  .        . 

.     130—134 

Olive  Oil     . 

.     191—196 

84*5 

Niger  Oil    . 

.     189—191 

A  further  application  of  this  method  may  be  made  in  estimating 
separately  the  amounts  of  alkali  required  for  saturating  the  free 
fatty  acids  and  saponifying  the  neutral  glycerides  or  other  ethers 
of  any  given  sample  of  fat,  oil,  or  wax  (see  Allen,  Organic 
Analyst*  ii.  45,  76). 


Titration  of  Mincellaneous  Oils  and  Fats  with  Bromine  or  Iodine. 

The  best  method  of  carrying  out  this  examination  as  regards 
bromine,  appears  to  be  that  of  Mills  and  Snodgrass,  to  which 
reference  has  previously  been  made.  The  idea  of  using  bromine 
is  by  no  means  new.  Cailletet  in  1857  adopted  such  a  method; 
but  the  difficulty  then,  and  up  to  the  time  when  the  task  was 
undertaken  by  the  operators  mentioned,  was  the  accurate  measure- 
ment of  the  excess  of  bromine  used,  and  the  adaptation  of  such 
a  solvent  for  both  the  fats  and  the  bromine  as  woidd  exclude  the 
presence  of  water,  and  the  tendency  to  form  substitution  products 
of  variable  and  unknown  character  in  preference  to  merely  additive 
products. 

Our  knowledge  of  the  exact  composition  of  the  great  family  of 
fats  and  oils  is  at  present  limited,  and  it  is  not  possible  to  make 
this  reaction  possess  any  strict  chemical  valency ;  but  experiment 
has  shown  that  there  are  certain  well-defined  fats  which  absorb 
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within  lttow  limit  i    amount  of  the  halogei 

ui-I  hence  the  method  maybe  made  highly 
to  mixtures  of  various  I  orptionpoi 

In  the   first  install.-"   the   oammon   solvent   need   fur  the    fat 
end  (he  bromines  was  carbon  dlsnlphide  ;  but  although  vea 

1  with  solvents  previously  trhd  by 
tiT  operators,  there  were  the  drawbacks  of  its  offensive  smell, 
id  the  solutions  >»f  bromine  in  it  did  not  possess  much  stability. 
Finally,  Dr.  Mills  adopted  carbon  tetrachloride  as  the  medium 
with  the  fa  ;  and  it  was  found   that  the  bromide 

solution  could    be  preserved    for  at  lea  months  without 

diminution   <>f    standard.      On  the   other    hand,   by  using  this 
medium,  there  is  1 1  j  «_-  necessity  of  working  with  greater  delicacy, 
ice  tfc  it  trace  of  water  has  more  affect  in 

ing  mbetitution  i  ompounds  than  in  the  case  of  the  disulphide. 
The  aocurats  estimation  of  the  excess  of  bromine,  after  tin-  al>sorp- 
tion  b  complete,  is  neceasarily  a  matter  of  great  import 

in  be  done  either  by  comparison  of  colour  with  bromine  sohl- 
known  strength  (tJie  least  effa  fcive  method) ;  or  by  titration 
with  thioeulphal  i  and  potat  as  the  ind 

is  better.     But,  beal  of  all,  t]  ra  after  long  r<  i 

found  that  by  using  ft  naphtho]  (a  sabetaooe  which  is  readily  and 
obtainable,  and  which  forms  in  the  presence  of  carbon 
■ride  a  mono-bromo  d<  they  could  constr 

ilntion  <»f  corresponding  strength  to  the  standard  bromine,  and 
;    in   the   same   way  as   is  commonly  practised    in 
talimetry.     Verj   fair  results  were  obtained  oolorimetrieally  by 
sting  the  device  of  interposing  i  m  of  chroinati  solution 

fe  12R),  so  as  to  neutralize  tin*  y* ■  1  i ■  •  w  colour  produced  with 
I   the  fish  oils,  ami  which  tended  to  mask  the  red  eol 
ie  bromine.     Experiments  showed  that,  using  a  bromine  solution 
tving  a  mi  lard    of   0*00644  gm.  per  »■.<.■..  tli"  average 

ibeble  error  per  rent,  in  a  single  result,  when  adopting  the  colour 
lethod  or  the  thiosulphate  and   iodine  was  0*62,  whereas  with 
iml  it  was  reduced  to  0*46.     But  it  is  hardly  nee 
that,  using  such  a  small  portion  <-f  materia]  a  lately 

try  in  order  bo  avoid  Booondary  results,  oanaidarahlQ   care 
required.     Tin-  sample  <»f  oil  or  fat  must  be  dried 
■oni;  possible,  by  heating  and   subsequent   filtering 

!•'  of  bibulous  paper,  or  through  dry  double  filters, 
Ued. 


Tkt  Analjfti*:  0*1  to  0*2  gra.  of  the   fat  in  dissolved  in  50  o.e.  of  the 

ti-ir.i.-lih.riilo  and  standard  bromine  added,  until  at  the  end  of  15  minute* 

i-  a  permanent    red   colour.     If   the    eoluriuietrie    method   is    wwd, 

mchloride  is  tinted  with  standard  bromine  to  correspond.     If 

oo  re-action,  the  solution  of  brominated  mati*rinl  \?  added  to  potowic 

iodide  and   starch,  and  T\  sodie  thiosulphate  delivered  in  from  a  burette  till 
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the  colour  is  discharged.  If,  on  the  other  hand,  the  standard  naphthol 
solution  is  used,  it  is  also  cautiously  added  from  a  burette  until  the  colour  is 
removed.  It  is  imperative  that  the  operations  in  all  cases  be  carried  on  out 
of  direct  sunlight.  If  the  operator  is  unable  to  two  carbon  tetrachloride,  too 
disulphide  may  be  used ;  but  the  solution  of  bromine  in  this  medium  is  less 
stable,  and  must  be  checked  more  frequently.  Somewhat  larger  portions  of 
oil  or  fat  may  however  be  used  for  the  analysis. 

It  may  bo  of  service  to  give  some  few  of  the  results  obtained 
by  Mills  and  Snodgrass. 


Absorption   per   cent.- 


OILS. 

FATS. 

WAXES. 

Almond  (from 

Beef      -           -  8501 

Beeswax 

o-oo 

bitter  fruit)  26*27 

Butter  (fresh)    -27*93 

Carnauba 

83*50 

Do.  (from  sweet)  53'74 

Bo.  (commercial)  25*0 

Japan  (1) 

233 

Cod        -           -  8800 

Butterine Scotch  8632 

Do.      (2) 

1*53 

Nut       -           -  80*24 

Do.  (French)     -  39*71 

Myrtle  - 

684 

Ling  Liver        -  82*44 

Cocoanut           -   6*70 

Mustard            -  46-15 

Vaseline            -   5*55 

Neatsfoot            -  38*83 

Stearic  Acid      -   0*00 

Olive     -           -  60-61 

Lard      -           -  37*29 

Palm     -           -  86*00 

Seal       -           -  57*34 

Whale   -           -30-92 

Linseed  -           -  76'09 

Mineral  Oil       -  30*31 

Shale  Oil          ) 
according  to  >  22  to  12 
sp.  gr.           ) 

Amlino  -           -  1G9'8 

Turpentine  (dry)  236*0 

The  same  operators  determined  the  percentage  absorption  by 
pure  anhydrous  turpentine,  aniline  and  olive  oil  purified  by 
filtration  after  long  standing  at  low  temperature.  The  calculated 
values  are  based  on  the  known  ratios — 

CioHi«  :  Br*,  C6H"X  :  Br2  and  (C3H5)  (C18HW)»  :  Br* 

The  mean  of  three  estimations  each  in  turpentine  and  aniline  were 
236*0  and  169-8  per  cent,  five  estimations  in  olive  oil  (triolein) 
54  per  cent.  The  percentage  by  calculation  is  respectively  235*3, 
172,  and  54*3. 

The  Iodine  Method. — This  has  l)een  worked  out  by  Baron  Hubl 
and  others,  but  is  not  nearly  so  expeditious  as  the  method  just 
described ;  though,  as  before  stated,  it  has  to  a  large  extent  replaced 
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owing  mainly  t  ■■■  that  tees  trouble  \a  required,  uul  the 

involved  an  Ion  delicate  white  squallj 

The   Standard   [odine   Solution.      |!       i  bj  dissolving 

wslj  25  -in.  "f  iodine  and  30  gm.  of  tnerouric  chloride  in 
ill  ohol,  - 13  500  ■ .<■  .  then  mixing  toe 
[ids,  and  allowing  to  stand  for  some  !■■  I  Jdng 


with  thioeulpbate  and 
alwa\  lanlizwl  t»cforo  use,. 


This  solution  must 


TAf  AnaltftiM;  0*2  to  O'o  pni.  of  tho  flit  or  oil  is  dissolved  in   1" 
purest  chloroform  in  a  well  stoppered  flask,  and  20  CO.  of  the  iodine-  solution 
added.    The  amount  mot!  nelly  be  regulated, m  thaial  i  >s  than 

two   hours'  digestion   the  mixture  possesses  ft  dark  brown  tint;  under  any 
circumstances  it  is  necessary  !  nsideruble  excess  of  iodine  (at  least 

double  the  amount  absorbed  ought  to  be  pignut),  and  th 
be  from  six  to  eight  boon.    Some  KI  solution  i*  Hud  added,  the  whole 
diluted  with  150  0.0,  o£  w:d>  r,  and  "?  thiosulphnto  delivered  iu  till  the  colour 
is  nearly  discharged,     Starch  is  then  added,  and  the  titration  finished  in  the 
usual  way. 

The  numbers  obtain  ';  nbl  are  given  in  J.  S.  ft  I.  iii.  842. 

A  blank  experiment  should  in  every  case  be  made  side  by  aide 
with  the  sample,  using  the  same  proportions  of  chloroform  and 
iodine  soh  I 

Allen  states  that,  in  both  these  methods  of  titration,  the 
amount  of  halogen  taken  up  maj  be  considered  as  n  measure  of 
the  ad  ratty  acidi  (or  their  glycerides)  preeent     Thus,  the 

acids  of  the  soefcic  bo  exhibit  no  tendency  i  bine 

with  bromine  oi  iodine  under  the  conditionaof  the  experiments, 
while  tin-  seide  of  the  acrylic  or  late  1  vo,  and  the 

series  four  atoms  of  the  halogen. 
We  ar<    indebted  bo  E.  T.  Thompson  and  II.   Ballantyne 
(J.  S.  C  I.  i\.  588)  for  n  very  careful  raviaion  of  the  constants 
required  in  the  analysis  of  ■  his  and  Fats,  the  result*  of  which 

d    in    the    following   tabic.      Tho    lards  operated    upon   were 

rendered  by  themsclvt  thprefoiv  genuine.     The  fact  is 

ght  oul   thai   for  each  0*1   increase  in  specil  ,  there  is 

1*3  per  cent  iodine  absorption,  and  beef  f;»t  Beems 

t.i  follow  th<'  same  rule.     Cotton  seed  oil  shows  only  about  half 

rtion. 

In  using  the  bsorptiou  method  these  operators  bond 

that  some  oils  required  fully  eight  hours  for  complete  absorption, 

a  rule,  i"  rtarl  th<  in  the  evening 

au.l  tit  dutione  un  the  following  morning. 
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Table  of  Constants  In  the  Analysis  of  Oils. 


Nature  ot  Oil  or  Fit, 

S  ..  Gr 
atl5-s*C. 

Sp.  Gr. 

at  »    C- 

lafjsi 

Abwrptn. 

JEOH 

NeutrJiid, 

Free  Add- 

per  oent. 

percent. 

per  cent* 

Olive  (Gioja) 

9156 

— 

79"Q 

1907 

9'42 

Olive   (Gioja)    after    re- 

moval of  free  add     ... 

915^2 

— 

79*0 

19-07 

None, 

Olive       

914'8 

— 

83-2 

18-93 

3-86 

Olive       

914'7 

— 

eo-0 

— 

23*7B 

Olive       ...     ... 

9168 

— 

83'1 

19*00 

519 

Olive       . 

916-0 

— 

81'6 

— 

19-83 

Gl  ive  (for  dyeing) 

916-4 

— 

78*9 

19*00 

9*67 

Olive       

9145 

— 

86-4 

18  90 

11-28 

Olive  (for  cooking)       .  , 

9161 

— 

83'1 

1920 

41 S 

Olive  (for-  cooking) 

916-2 

— 

81-2 

1921 

Not  Jone 

laird  (from  omentum) ,-., 

— 

859-8 

52*1 

— 

— 

Lard  (from  leg)     

— 

860-5 

era 

— 

_ 

Lard  (from  ribs)   ...     ... 

— 

860'S 

62-5 

— 



Beef  fat  (from  i*uet)     ... 

— 

8572 

34-0 

— 

— 

Beef  fat  (oleomargarine) 

— 

858'2 

462 

— 

— 

Tat  from  marrow  of  ox. . . 

— 

658-5 

45*1 

19*70 

— 

Fat  from  bptie  of  ox     ... 

— 

S3^2 

47'0 

19-77 



Cottonseed     

923*6 

868'4 

110*1 

— 



Cottonseed    ...    ...    ... 

922-5 

— 

106-8 

19*3  S 

0-27 

Linseed  (IJultto) 

934*5 

— 

187-7 

19~23 



Lia&ed  (East  India)     . . . 

931*5 

^— 

178-8 

19*28 

— 

Linseed  (River  Plate)  .,. 

932  5 

— 

176-S 

1907 

— 

Litwwed  .„     

932*5 

— 

173-5 

1900 

0*76 

Linseed 

331-2 

— 

16S-0 

1900 



Eape       

oitirt 

— 

l-Jv-fi 

1763 

2*43 

Rape       ...     „, 

913  1 

— 

1107 

17  33 

— 

Bape       -,.     

9145 

— 

1041 

1706 

2*53 

Eupe       „.,.     ,, 

9150 

— 

104-5 

1719 

310 

Ril|H'         ...      ...      ... 

9141 

— 

10O-6 

17-3D 

— 

Castor  (commercial)     . . . 

967-9 

— , 

836 

18  02 

2'IS 

Castor  (commercial) 

9653 

— 

— 

17-86 

— 

Cantor  (medicinal) 

963*7 

— 

— 

17*71 

— 

AraehiH  (commercial)    ... 

9209 

— 

987 

1921 

690 

Araeliis  (French  refined) 

9171 

— 

98'4 

1893 

0S2 

Lard  oil  (prime)    

9170 

— 

76*2 

— 



Southern  sperm     

SSO-8 

— 

81'3 

13-25 

— 

Arctic  sperm"  (bottle-now) 

8799 

^ 

821 

1304 

, 

"Whale  (crude  Norwegian) 

9208 

— 

109T2 

— 

— 

TFhalo  (pale) ... 

9193 

— 

HO'l 

— 

v 

Seal  (Norwegian)  hl. 

926«3 

— 

152*1 

— 

_. 

Seal  ((!old  drawn,  pule)  ., 

926-1 

— 

145*8 

1928 

— 

Seal  (steamed,  pale) 

924-4 

— 

1422 

18*93 

— 

Seal  (tinged) 

9257 

— 

152*4 

— 

— 

Seal  (boiled) 

923-7 

— 

1428 

— . 

, 

Menhaden      ,     ,„ 

981*1 

— 

1600 

18-93 



Newfoundland  cod 

9249 

— 

160-0 

, 

, 

Scotch  cod      „,     

9250 

— 

158-7 



, 

Cod  liver  (medicinaf)   .  . 

926-5 

— 

166-6 

18  51 

0-36 

Mineral  ...     ,.,     .«. 

673-6 

— 

12*8 



. 

Mineral  ...     .,.     „,     ... 

8560 

— 

26-1 

— 

__ 

Rosin      

986'0 

— 

679 

— 

— 

GLYCERIN     (GLYCEROLS 

I  l'   to  a   very  recent  time   no  satisfactory  method  of 
berminirtg  glycerin  had  been  devised,  but  the  problem  has  now 
lived  in  a  tolerably  satisfactory  maimer.     Tin-  permanganate 
ethod  bo  have  1  tally  suggested  by  Wanllyn, 

1  by  him  and  Fox,  and  fort]    i         orated  by  Benedikt 
1   Zeigmondy   (CAem   Zeit,   ix.   975).      It  dependi  on  the 
ramification  of  the  I  lation  of  the  resnltant  g] 

rmanganate  in  alkaline  solution,  with  formation  of  oxalic 
■  m  dioxide,  and  water,  thus — 


C  11  0 1+30  -i    Hm'+C02  +  3H20. 


Looeoufl  Bolutiona  of  glycerin   tnaj  "i"  eours*    be  n  ; 
mod  very  easily. 

Tli'-  excess  of  permanganate  U  destroyed   l*y  a  sulphite,  tin- 

i|uid  filtered  from  tlie  manganese  pivcipituU*,  the  oxalic  acid  Chen 

dpitated  by  \  soluble  calcium  salt  in  acetii  i,  and  the 

apitated  calcic  oxalate,  after  ignition  t"  convert  it  into  carbonate, 

itrated   with   Btaadard    acid    in    the    usual   way,   or  the  oxalic 

jpitatc  titrated  with  permanganata  The  oxalic  .solution  m 
itrated  direct  after  addition  of  H-so'  with  permanganate;  nut 
Allen  and  Belcher  have  found  this  method  faulty,  probably 
m  tin*  formation  of  a  dithionate,  due  to  the  .sulphite.  On  the 
othi-r  hand,  they  have  obtained  vary  satisfactory  teeulta  by  the 
ilkalimetric  or  the  permanganate  titration,  on  known  weight*  of 
pure  oxalio.  Add  and  glycerin. 

Tip-'-  operators  have  also  shown  that,  in  the  case  of  dealing  with 

fats,  where  it  has  been  recommended  by  VFanklyn  and  Fox  to 

ordinary  alcohol  as  tie-  solvent,  and  by  Benedikt  methyl 

thai)  l'"tli  these  media,  especially  ethyHc  alcohol,  produce  in 

themselves  a  variable   quantity  of  oxalic,  acid   when  treated    with 

alkaline  permanganate,  and  hence  vitiate  tlie  process.      Agnin,  if  it 

1m-  attempted  to  avoid  tins  by  boiling  oU'  the  alcohols,   there  ia 

iiu.* 

Allen's  method  with  nils  and   fats  is  a>   follows: — 

10  gm.  of  the  fat   or  oil  are  placed  iu  a  strong  small  bottle,  together  with 

pure  ECHO  dissolved  in  25  c.c.  of  water.    A  solid  rubber  stopper  is 

I   to  olrn*o  the  bottle,  and  tied  down  firmly  with  wire.     It  is  then 

ced   in  boiliui:  water,  or  in  a  water  oven,  and   heated,  with    aMSStonal 

lakin;,',  hou  <;  to  10  houm,  or  until  the  content*  are  homogeneous,  and  all 

ily  globules  have  disappeared.    When  saponification  is  complete,  the  tattle 

emptied  into  a  beaker  and  diluted  with  hot  water  which  should  give  a  clear 

*  In  oVaJiiHj-  with  waxes  or  nirailor  bodies  including  ■perm  oil,  potash  diiaoWed  in 

it  is  si 


met  hi- 1  alcobol  tnaat  be  used  lor  th«  saponification 
•*itli  u>m»w  pouib, 


slmoit  ImpoaiihU  to  do  it 


I 


Rotation 

fan*, 

TIiin  solution,  uhi'-h  will  usually  contain   from  0*2  to  OS  of    glycerol, 
accord  in..-   to  ita  ori 

cold  hi:  !   400  oo,     Fmra  10  to  12  gin-  of  caustic  potash 

.  uid  than  a  saturated  aqueous solut ion  of  potasair  ;■ 
liquid  u  in.  longer  jcrecn  but  blue  or  blackish.    An  excess 
harm.    The  Liquid  i»  then  heal  ibout  an  h 

loaio  sulphite  should  bo  added  to  the  bouiag  liquid  d 
.  green  oolonr  is  destroyed.    The  liquid  containing  the  n*& 
oxide  of  manganese  is  then  poured  into  a  500  oj 
added  to  18  •■.'•-  aark,  the  exos  i 

volume  of  the  precipitate  and  for  the  increased  measure  of  th< 
The  solution  ie  t!  ■  through  a  ,! 

with  calcic  chloride.     The  solution  is  kept  warm  for  three  hours,  or  unul 

the  di  |  the  calcic  oxalate  is  complete,  and  i- 

precipitate  being  washed  with  hot  water.    The  prcvipluit* 

oajeio  oxalate,  but   i*   liable  t"   It  oontamin  ■  nith  calcic 

sulphm  and  other  imparities,  and  hence  should  uot  be 

1.     It  ma y  bo  ignited,  and  the  amount  of  oxalate  previously  ti resent 
1        !   from   the  volume  of  normal  acid  neutralized  by  tin?  residual  calcic 
(antonal  plan    i*   to    titr.ite   the    oxalate 

permanganate.    For  this  purpose,  the   filter  should  bo  pierced 
precipit  ioto  a  pon  d.    The  neck  of  the  i 

plugged,  and  the   filter    filed   with  dilute  ■nlphnrio  acid.     Al 

or  ten  minute*  toil  ii  bo  run   into  the  basin  and  the  filter 

washed  with  water.     Add  U  added  to  the  oontenti  of  the  basin  in 
sufficient  to  hrinj!  Uip  total  l  to  10  o.c.  of  concentrated 

liquid  dilated  to  about  200  c.c,  brought  to  a  Umperalurv  of 
and  deoinormal  permanganate  added  gradually  till  a  distinct  pink  oolot 
remains  after  stirring.     I  ■  if  penuttnisranate  used  carresp 

gm.  of  anhydrous  oxalic  acid,  or  to  0  004*1  gin.  "f  gh  0 

way  described,  the  volume  of  pormangnr  on  required 

range  between  70  and  10O  c.o. 


Otto   Hehner  lms  experimented  largely  on  the  ostimati 
leys  and  crude  glycerins,  the  reaull 
given  in  ./.  S.  C.  /.  viii.  4.     Tin-  volumetric  methods  reconu 
in  preference  u>  the  idntion  with  tNttnseir. 

bichromate  or  the  conversion  of  tin 


The    Bichromate   Method.  -  Our    part,   uf    gl 

converted  into  carbonic  acid  by  7'486  n  in  tin* 

pwnonre  i-f  sulphuric  acid.     Tin1  solutions  required  at. 

indard    Pol  7  I'Su   go.    oj 

biohromate  is  dissolved  in  water.     150  <•.'■.  of  com  i 
acid  added,  and  when  cold  diluted  to  a  liter.     1   cc,  =  0i 

■inl. 

A  v  lution  is  also  made  by  diluting  100  ■ 

solution  to  :i  til 

Those    solutions   should    ho    controlled    by   a    ferroi 
of  known  strength,  if  then  doubt  about  tin    pti 

hichroumb'. 
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Solution  "f  double  Eroa  salt. — 240  gm.  «>f  farrow  ammonium 

h  od  with  50  ■*.'-.  <•(  concentrated  ~pjlphurica< 
Hter,   and  Hon   to  the   standard   bichr<  tat   be 

lUIld   from   tim<     to   time    by   titnitimi   with  the 
OBOg  tli  i  '   33,  ]».   111). 

The  Aunty  *i*  :  With  concentrated  or  tolerably  pure  samples  of  glycerin 
it  is  only  liiHHiimj  to  take  a  email  weighed  port  I  L~m.  or  so,  dilute 

moderately,  add  10  or  15  oa  of  concentrated  sain  :  and  80  or  40  c.e. 

of  tho  stronger  bichromate,  place  the  be.: I.  with  ■  watch  glum  in 

a  water  bath  aud  digest  for  two  hoars;  the  excess  of  bichromate  is  then 
found  by  titration  with  the  standard  iron  solution.  Tho  weaker  bichromate 
l  in  completing  the  titration  whore  accuracy  is  required.  As  the 
stronger  bichr-  the  iron  solution   are  both  concentrated,  U.ey  DUUt 

used  at  a  temperature  a*  near  16"  O,  as  possible.     In  tho  case  ol 
rcerin  it  must  bo  purified   from  ahlarine   as  aldehyde   Qompoandi  as 
Hows: — About  1*5  gm.  of  the  dUnttd   sample  is  placed  in  a  100  ex.  Beak, 
■  led,  and  allowed  to  stand  10  minutes.     Basin  lead 
is  then  added  in  slight  excess,  the  measure  made  np  to  100  c.c, 
through  ■   <1  i"v  fitter,  and   36  <■*■.  ot  m  digested   with  excess  of 
nbed. 

The    Acetin    Method.  —This    ZDCtbod    H    dm    t<>    licin-dikt  mill 

lautoi    (Mcnatihqft  ix.   521),   and    recommends.  itself    by   its 

Lmplicity  and  rapidity  aa  compared  with  other  methods.     Banner 

tinted  out  the  precautions  necessary  to  insure,  accui 

a : — 

The  An»lus-;< .-  About  1*5  gm.  of  the  crude  glycerin  U  placed  in  a  round- 

i    flask,  together  with  7  (on.  of   arctic   anhydrido  and  3  gm.  of 

tody  anhydrous  s<*li  m  upright  condenser  »**  attaohed  to  the 

i   the  contents  are  heated  to  gentle  boiling  for  one  hour  aud  a  half. 

cooling,  50 CO.  of  wiiter  ure  added,  and   the  mixture  heated    until  all 

has  dissolved.    The  solution  is  then  filtered  into  a  large  flask,  the 

le  or  ftTter  well  washed,  the  liquid  cooled,  some  pbeoolphthalein  added, 

id  lh*>  "!y  neutralized  by  a  dilute  solution  of  caustic  soda.     The 

-  is  then  saponified  by  adding  25  c.c.  of  an  approximately  10  per 

urdized   on   normal  sulphuric  or 

rdroohloric  acid,  and  boiling  for  10  minutes,  taking  care  to  attach  a  reflux 

iter  nk.      Tho  excess  of   alkali  is  then   titrated  back  with 

aria. 
is  essential    that    the    processes   of   analysts    should    be   rapid    and 
itinuous,  and  especially  that  the  free  acetic  acid  in  tho  first  process  bo 
•utralLzed   ?ety  cautiously,  and  with  constant  anjtatkfl  to  avoid  tho  local 
lion  of  alkali. 

Weal    Boap  lyes   should   ]><  tted    to  50   par  cent  of 

by  the  acctin  method  ;  if  not  the  bichromate 
method  must  1m-  used. 

and  Boape  about   3  gm.   ahonld  be  saponified   with 
tholic   potaah,  diluted  with    -'•  i 

crated  nnd    Altered  oft.     Tin-    fill  than 

ml  titrated  with  bichron 
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PHENOL     [CARBOLIC    ACID  . 

I    I!  Mi[  -94. 

ly  method  rliiiinm- 
nee    vohi metrically   was   originated    hj    Kop 
{'/..  a.  >  nl  consisl 

it*-  tujucous  or  dilute  alcoholic  solution  with  in  the 

form  of  tribrcgnphnpol. 

TIii*  strength  of  the  bromine  wator  was  eatabliahBd  l»y 
Koppi  i'Ii  thioeulplnUe and  potattii 

With  M-nreh. 

Allen  in  >llows: — 

A  certuiu  weight  of  the  simple  is  dissolved  in  water;  as  much  a* 
corresponds  to  O'l  gm.  or  phcuot  Is  taken  out  and  put  intc  d  botU* 

250  o.c.  Further,  to  7  ac  of  normal  soda  solution  (  =  004  gw. 
NaOH  per  <v>.)  bromine  i^  gradually  added  nil  a  yellow  colour  appear*  and 
remains;  the  liquid  if  then  boiled  'ill  it  has  become  colourless  a:, 
now  contains  5  molecules  of  sodie  bromide  and  1  of  sodie  bromate.  When 
completely  cooled,  it  is  put  into  the  phenol  solution,  after  which  5  c.c,  oon- 
icntntted  hydroohloric  eeidil  at  once  lidded,  and  the  bottle  stoppered  and 
slut  ken  for  some  time.    The  reactions  are : — 

I.     5N:iHr4  NulJriT  +  onCl  =  oNaCl  +  CBr  +  3HH). 
II.     CaH*0  +  0Br-C0H:,l)r3O+3HBr. 

The  bromine  let  free  in  the  first,  ami  not  Axed  hv  phenol  in  1  hi*  second 
reaction,  must  be  still  free,  and  is  estimated  by  adding  potaasic  iodide  and 
titrating  the  iodine  liberated,  by  r0  thioMilphate: — 

III.  2Kl4-Br1-2KBr+2l. 

IV.  I3+2Na-,S=0-'=Nu-,S<0,l+2NaI. 

Por  this  purpose  the  bottle  is  allowed  to  stand  for  15  or  20  minutes; 
a  solution  or  about   1*25  gin.  potasmo  iodide  (free  from  iodate)  is  added,  the 
bottle  is  stoppered,  shaken   up,  and  allowed   to  rest.    It- 
poured  into  a  beaker;  the  bottle  is  rinsed  nut,n 
and  thiosulphate  is  run  in  from  a  burette  till  the  blue  colour 
Mill  be  best  not.  to  add  the  starch  till  the  colour  of  the  hip 
to  light  yeDow.)    The  calculation  is  mado  as  follows :— 7  CO.  of  norn 
solution  neutralise  056  j.rm.  of  bromine,  all  of  which  is  liberated   I 
O'l  gm.  phenol  would  require  0'4O6K  and  leave  a  surplus  of  O'l.": 
latter  would   liberate  enough  iodine  to  saturate  19  5  ulphatr. 

Every  e.c.  of  thioeulphate  used  over  and  above  thii  indicates  000197  gnu 
impurities  in  0  1  giu.  of  the  sample— that  is,  1*27  per  cent. 

If  u   number  -»f  estimations  have  to  he  mode 
would  seem  decidedly  prefernhle  to  adopt  Kopjirschan  I 
method,  rather  tlmn  to  prepnrc  special  hrominc  solution 
Por  the  estimation  of   phenol   in   i  I  icts,  To*th  {Z.  a.  C\ 

xxv.  100)  modifies  the  bromine  process  ns  follows: — 

30    v.  of  Ihe  impure  carbolic  acid  are  placed  in  a  beak 
potash  solution  of  1*3  sp   kt.,  well  shaken,  and   nil 
hull  an  hour,  then  diluted  to  about  i  liter  with  wati 
the  foreign  impurities  are  set  free,  and  may  mostly  be  removed  by  flit 
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wwihftl   with    warm    water  until   all  alkali   is  removed.      The 

Btaata  and washings  ere  acidulated  ihghtly  with  Ut'l,  and  diluted  to  3  lit»:-r>. 

K>  ec.  u«  then  mixed  with  !.  il  bromine  solution,  and  then 

itrated    Hrl.     After  twenty  minut'.**,   with    toQUest  --nuking, 

"Mitiou  :ire  added,  mixed,  rod  allowed  to  rest  three  to  five 

minutes,  then  starch,  and  the  titration  with  tbiosulphatc  carried  out  as  usual. 

Example  :  20  ••.'•.  raw  aarbolta  oil  ware  treated  us  above  described.     50  e.c. 

of  the-  relation,  With  150  o.O.  bromine  solution  (made  by  dissolving  8"0*  gm. 

sodic bromate and  6059  gm.  sadle  bromide  to  (he  litor\  Usso  ltW.ot  HC1, 

required    17'8  e.c.    of   Uuusulphuto   for    titration.     The    150    <:.r.   bromide 

Br.    The  17'H  cc.  thlosnlpbate  required  for  residual  titration 

=  0*062   gm.   Br,  leaving  0185  gm.  Br  for  combination  with  the  phenol. 

According  to  the  equation — 

CH4OH + 3Br  m  311  Br + C^IFOHBr3. 

ie  nol  phenol =3  mal.  Br,  heneo  the  percentage  of  phenol  was  10-80. 

Kleinert  (/.  a,  C.  x.wiii.  I)  euggeeta,  ami  his  experimenta 
ipear  to  prove,  that  in  titrating  aj  id  creosote  oil  by  Kuppo-K-Haar's 
tethod    feu    phenol,  <i  aeri  Lira  to  virtue  of  anon  "il 

ling  substances  of  higher  boiling  point  tJtuu  phenol,  vrhioh 
an  aohible  in  water,  and  behave  with  bromine  in  the  sunn-  taAnaet 
as  true  pht  noi 


CABBON    DI3TJXPHIDE    AND    THIOCABBONATES. 

7C. 

$  81.     Fob  the  purpose  of  estimating  carbon  disulphide  in  the 
;iii   of  in  thiocarbon         l       bine  has  devised  the 

bdlowing  j  ompi.  Bend,  acviii  1588): — 

m  or  vapour  to  bo  tested  is  carefully  dried,  and  then  rraifflnl   through 

1   solution  of  i  hydroxide  in  absotute 

•oh.il.     The  presence  of  even  traces  of   water  seriously  diminishes  the 

..r  the  reaction.     The  alcoholic  -  afterward*  neutralized 

\w  arid,  diluted  with  water,  and  tested  for  xanlhic  acid  by  adding 

sulphate. 

1  determine  the  distribution  of  carbon  bisulphide  introduced 
l',0  c.a.  of  tli«'  air  in  the  soil  is  drawn  by  means  of  an  aspirator 
sulphuric  acid,  and  then  through  bulbs  containing  the  atoohotie 
For  quantitative  determinations,  a  larger  quantity  of  air  must  be 
hie  acid  formed  is  estimated  by  nicaus  of  the  n 
2C*H4OS      -HI.    The  alkaline  solution  uridified 

ith  acetic  acid,  mixed  with  excess  of  iodic  ind   tUnied  Is  the 

:i;i  solution  of  iodine  containing   1  ■  r,  1  o<0*oi 

n.gm,  of  carbon  bisulphide. 
To  apply  this  method  to  thiocarbouatce,  about  1  jjm,  of  the  substance, 
r  with  aboul   1"  >-.•-.  <-t   water,  is  introduoed  into  a  small  Baal 
•I  b]  a  solution  of  linear  copper  sulphate,  the  flask  being  heated 
bath,  and  the  evolved  carbon  bisulphide  passed,  first  through 
1  theu  into  olcohoUo  potash.      In  the  case  of   ej 
**   al  isnlphide,    nitrogen,  hydrogen    sulphide,    carbonic 

ihydrula,  carbonic  oxide,  and  water-vnpnur,  the  pas  is  pesvd  through 
ous  solution  of  potash,  then  into  snip]  id  liunlly  into 
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til. -niinlii-  potash     T1i>-  ihiocarbonate  formed  in  the  first  flask  is  diuuiuuoaed 

lie  a«*iil 
I   formed  in  the  t bird  flack,  ud   the  whole  titrated 
with  todtns. 

Another  method  srvail&ble  f<-i  tochnii 
compel  umtiou  nf  L'.S2  in  iju.il  gas,  or  in  <  ompei 

nf  uuoearbonfttttB,  is  it<  fo 

The  liquid,  or  other  substance,  containing  the  disulphidc.  is  added  to 
strong  alcoholic  potash  or  gas  contniniiiL 

the  alkaline  absorbent.     The  disulphide  unites  with  the  jtotns-: 
turui  potassic  xanthate.     The  liquid  is  neutralized  n  cid  and  toe 

ganthate  is  then  estimated  by  tfcxettng  with  a  standard  '  eoprie 

sulphate  f  12*47  pa.  per  uteri,  until  an  excels  of  copper  is  pofir 

ferrocyanido  uied  as  an  external  indicator.    Each 
represent*-  0*0070  pa,  C8*. 


MOLYBDENUM  AND  TUNGSTEN. 

Mo=9»-a  w-m. 

§  85.     Volumetric  methods  are  probal  rj  limited 

i  in  which 

estimation  i«  more  simply  accomplished   by  vohu 
■ 
Von  d.  Pfordton  (C  -V.  i    I  the  following  pr< 

The  solution  of  the  salt  is  mixed,  f<»r  molybdenum,  with  50 — 60  c 
for  tungsten  with  70— HOce.of  HC'l  of  27  percent,     Tb 
for  molybdenum,  8—10  ktu.,  and  for  tungsten  14—15  gm 
of  rods,  and  in  as  largo  pieces  as  possible.     The  solui 

bdic  oxide,  or  01  gin.  of  tungstic  oxide ;  in  the  latter  cast 
is  previously  heated  on  the  water  hath,  and  the  HCI  and      i 
■duftdj  tlie  deposition  of   tungitic  oxido  in  a  soli  I 
Towards  the  end  of  the  reduction,  a  little  heat  m 
molybdenum  solution  also  with  advantage.     When  the  molybdenum 
has  become  yellow,  and  that  of  tungsten  red,  the  fla*  '  —in  the  case 

of  tungsten  with  especial  care.  The  remainder  of  the  procedure  is  different. 
The  molybdenum   solution    is  poured  into  a   , 

dilute  sulphuric  acid,  and  20  c.c.  of  man  tion  free 

from  lerroii8  salt,  and  containing  200  gm.  per  liter.  An  aqua!  volume  of 
water  is  added,  and  a  dilute  solution  of  standard  permanganate  is  run  in. 
The  results  are  accurate  : 

1  r.c.  K]£aO<= 0*000732185   O  =  00045131lMoOa. 

The  reduced  tungsten  solution  is  rinsed  quickly  into  a  cupsulo  in  wbi'h 
there  is  an  excess  of  permanganate,  70 — 100  c  c.  dilute  sulpburi 
nous  sulphate  solution,  hut  otherwise  no  waw-r.     Not   d 
has  been  rinsed  out  is  the  liquid  diluted  to  1  liter.    In  preset 
targe  quantities   of    m  i   the   manganoua  sulphate   axst  owf  of 

transferring  oxygen  only  in   concentrated    solutioi  i     working  ■* 

essential.     An  excess  of  ferrous  sulphate  is  now  run  in,  and  the  sol 
finally  titrated  with  peTmangSB 
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Schindler's    Method    for    Molybdenum    and    Lead.    {'/..     rt.     C. 

'  >. — Tliis  prooeei   ha  iferred   u>  under 

I   ($   69).     It    was   originally   designed    for   tin- 

of  molybdenum  and  incidentally  applied  t<»  tend.    It  is 

,  when  added  t"  ;i  li-t  solution 

ecipitate  of  PhMoC,  which  b 

udd,     Any  ex«'(.'S8  of  tin*  molybdate  solution 

,t  colour  varying  from  yellow  i"  Hood  red  with  a  Ereahfy 

I  n  (1 — 300)  its  in'li  ling  tn  tin* 

amount  pn 

Tin-  method  requires  the  following  eolations: — 

tart]  Lead  acetate. — BO  gm.  of  acetate  i^  dissolved  in 
of  water  with  10  <*.<■.  of  acetic  acid  :  it  ia  thi  ndized 

with  a  Known  w«  iniwonic  molybdate. 

8tiimlanl  Amnionic  raotybdata.     Una  may  In-  made  with  the 

•  •nlui.ii  i  ig  about  BO  gm.  in  700 — 800 

water,  adding  a  li  :  adei  it  clear.     It  is 

i  by  tlif  following  method,  so  that  1  I  equal 

of  lead  solution. 

The  Analysis:  To  50  c.c.  of  the  molybdenum  solution  faintly  ticidified 

;<1,  about  300  cc.  of  boiling  water  is  added,  and  the  standard  lead 

station  run  In  until  the  whole  of  the  uiolyWu*  acid  is  precipitetefl,  and  a 

lii-'h  may  be  known  by  removing  a  drop  from  the 

rlear  liquid,  and  bringing  it  in  contact  with  a  drop  of  the  tannin  indicator 

ii  tile;  it  an  excess  of   lead  ha*  been  used  do  odour  occurs. 

Standard  molybdii  i  usly  added,  until  by  nmUnt  testing 

;\  dietinot  orange  colour  appears.    The  volume  of  the  latter  is  deducted  from 

nut'  of  lead  solution  originally  used  aud  the  remainder  calculated  to 

lolybdi--  laid,  ao7Fb»  I  uV  !  I 

method    is   capable   of  giving   very   good   reeulte,    and  is 
ipplkabk  to  alyaia  «»f  lead  coanpounds,  such  as  white  lend, 

>■   dissolving  in  nitric  acid,   neutralizing   with   ammonia,   then 
id  before  titrating. 
The  accuracy  *>f   the   method   depends  on  tybdic 

odard  ;  the  dutb  animoninm  salt  has  the  formula  (Mi 
i II  o,   and   should   when   ignited   in   a   platinum  crucible   u* 
81  55  per  cent  M<<<  >  . 
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ANALYSIS    OF    TJRrNE. 

be  determination  of  Ilia  normal 
um  abnormal  constituents  «>f  urine  presents  more  Ui 
difficulty  to  even  experienced  chemists,  and 
llii-  hands  thai  than  such.     Fortunately,  bowevi 

mutters,  such  as  urea,  sugar,  p 
and  chlorides,  can  all  be  determined  volumetricallj  with  accum-av 
by  ordinary   opei  r   hy  medical    men  who   cannot 

much    time  to    practical  chemistry.     The    researches  «'f    I 
Neubauer,    Benee   Jones,    Vogel,   Beale,    Eassall, 
and  others,  during  the  last   few  yean,  have  resulted  in  b 
knowledge  <>f  this   important  secretion ;    and   bo  a    first 

mentioned    chemists    we  tily    indebted    fur   th 

nod  in-  i"  methods  of  estimating  its  constituent*,     \Y:k. 

the    relation   which    the    proportion   "f    tin  ;  ituemts  bear 

to  health   '»r  disease  the  present  I 
aim   being   simply    to   point    out   the    readiest   and    n 
methods  of  determining  them  ijuantititively.     Their   | 
importance  is  very  fully  treated  by  some  of  the  authority 
mentioned,  he  works  of  which  Xeubaucr  and  V« 

!  i  ■ 

and  Mehu's  TraiiSdt  Chimu    M&rHrcde^ 

i  wc  now   have   ti  i  d   experi 

the  Iw.st  authorities  in  the   world   in   Tin    Pathvlmjical  Jim 
•  •f    Drs.    Lauder    Brunton,    Kl  snd     Burden 

Sanderson  (Churchill). 

The    gram  system  of    weights    ami    measures  will 
throughout  this  section,  while  those  who 

i  will  have  no  difficulty  in  working,  when  once   the 
relation  between  them  is  understood*  (see 
of  weights  and  measures  is,  however,  of  very  littli 
considers  that  he  is  dealing  i 


■  In  ■  word,  whenever  o.c  occurs,  dm.  may  be  substituted ,  and  in  case  Of 
pro  ins  (or  grams,  mora  tbo  decimal  point  one  placo  to  the  ri  .  <J  jtauh  wooM 

be  uliaugud  to  70  trniiui.  Of  course  it  is  uuJer*t«>  >d  tbat  where  grams  are  taken  e.c. 
must  be  measured,  and  with  grains  dm.,  the  standard  soluUou  being  the  same  fur  Mil 
■jltMSS, 
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'\  ;  and  u  urine  ia  gi  m- rally  doeoribed  aa  containing  so 
iiiuiiv  parts  oi  una,  chlorides,  or  phosphate,  per  1000,  the  absolute 
weight  may  be  left  oat  of  the  question.  The  grain  ijwtem  is  more 
reaaUy  calculated  into  E&glish  ounces  and  pints,  and  therefore  is 
generally  more  familiar  to  the  medieal  profession  of  thia  country. 

One  thing,  however,  is  nnm—mj  as  a  preliminary  to  the  exami- 
nation of  urine,  and  which  has  not  generally  been  sufficiently 
i:i»nsidiT»  '1  ;  that  U  to  say,  the  relation  between  the  quantity  Ot 
■Bontian  paaaed  in  a  given  time,  and  the  amount  of  iohd  matters 
is.  In  .t  medical  point  of  view  it  is  a  mere 
of  time,  generally  speakings  to  estimate  the  constituents  in 
hnlf-o-pint  or  ao  of  urine  paaaod  at  any  particular  hour  of  the  day 
vt  night,  without  ascertaining  the  relaoon  which  that  quantity, 
with  1  bean  to  the  whole  quantity  paaaed  during, 

say,  24  hours  ;  and  this  is  the  more  necessary,  as  the  amount  of 
iluid  secreted  varies  very  considerably  in  healthy  persons;  besides 
this,  the  analyst  should  register  the  colour,  peculiarity  of  smell  (if 
any  1  consistence,  presence  or  absence  of  a  deposit  (if  the.  former 
ild  be  collected  for  separate  analysis,  altered  urine  only  being 
'•s  for  examination),  and  lastly  its  reaction  to  litmus 
should  he  observed. 


1.     Specific    Gravity. 

This  may  be  taken  by  measuring  10  CO.  with  an  accurate  pipette 

band  beaker  or  flask.     The   observed  weight  say  is  10*265 

it.  ;  then  fore  1026*5  will  be  the  specitic  gravity,  water  being  1000. 

an  accurate   balance,  pipette,  or  weights  arc  not  at  band, 

urinometer  may  be  used.     These  instruments  are  now  to  be 

with  enclosed  thermometer  and  of  accurate  graduation. 


2.     Estimation    of   Chlorides    (calculated    as    Sodic    Chloride). 

This    may   be    dime    in  several  ways,  and    I    have    placed    the 

•thods  in  the   order  in  which  I  consider  they  might  to  be  ranked 

i  curacy.     Liebig's  method  is  by   far  the  simplest,  but 

generally  si*  obscure   that  tin.'  liability  to  error  is 

;ry  great     Blohr's    method   1    have  modified   by    the   oh   <>f 

inionie  in  place  <<f  potaasic  nitrate,  owing  to  the  solvent  r  fleet 

deh  ti  baa  been  found  to  produce  on  silver,  eliromatc. 

ignition  the  ammonia  salt  is  destroyed. 

(a)  By  Silver  Nitrate  (Mohr). — 10  c.c.  of  the  urine  are 
leasured  into  o  thin  jiorcelain  capable,  and  1  grn.  <>f  pure  amnionic 

bate  in  powder  added  ;  the  whole  is  then  evaporated  t-i  dryness, 
id  gradually  heated  over  o  amalJ  spirit  lamp  to  low  redneaa  till 

■  bite  ;  it  i- 
ten  diaaohf  mall  quantity  of  wi  nates 
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produced  by  the  combustion  of  Lb  matter  neiitralnad  by 

dilute  Ed;  o  few  grains  of  pur©  calcic  our 

all  free  acid   are  then  added,  and  one  or  two   drops  of  solution  nf 
polnasio  cliromate. 

The  mixture  is  then  titrated  with  ^  silver,  as  in  §  37.2  (}'). 

Baeh  c.c.   of  silver  solution  represents  0'i  I   suit, 

consequently  if  12"C  c.c  have  been  used,  the  weight  i>f  salt   in  the 
10  c.c.  of  urine  is  0*07296  gin.,  ami  as  10  ■ 
the  weight  multiplied  by.  10,  or  what  amounts  to  the   eanv 
the  decimal  point  moved  +B*»  place  to  the  right,  gives  "'296  gtu, 
of  salt  for  1000  of  urine. 

If  6*9  c.c  of  the  urine  are  taken  for  titration,  the  number  of  ex.  of  /- 
mIvit  used  will  represent  the  number  of  parts  of  salt  in  1000  parts  of  urine. 

Pibram  [Vierte(jahr$h,  f.  prod.  ffeHk,  evL  10]  be*  thu 

necessity   for  evaporating   the   urine  with   a  nitrate 

titration  by  h«*ti"g  the  urine  with  permanganate.     10  c.c.  of  urinp 

are  mixed  with  about  5  cc  of   &  permanganate,  ami  40  cc  of 

water,  then  brought  nearly  to  boiling ;  by  this  means  a 
flocculent  precipitate  is  produced,  consisting  of  organic  Hint 
manganous  salt,  which  is  filtered  away,  leaving  the  dear  Equal 
colourless,  so  that  an  excess  of  permanganate  shows  the  n 
ut  once.  Enough  permanganate  must  be  used  to  give  ti 
which  is  tben  removed  by  a  drop  or  two  of  dilute 
solution,  a  little  calcic  carbonate  added,  and  the  fluid  titrat- 
^  silver  solution  and  ehromato.  ai  before  described.  This  i 
good  results  with  normal  urines. 

(b)     By  "Volhard'a  Method, — This   is  8   dil  of  CI 

by  excess  of  silver  and  the  excess  found  by  amnionic  sulpha 
(S  39),    which   gives  very  good    results   in  the  absent 
organic  matter,  and  its  carried  out  as  follows : — 

10  c.c.  of  urine  are  placed  in  a  100  cc.  Mask  and  diluted  to  about 
2  o.o,  of  pure  nitric  acid  and  15  c.c.  of  standard  silver  solution  (1  c.c  — 0*ul 
Kin.  NaCl)  are  then  added;  the  closed  flask  is  well  shaken,  and  the  measure 
made  up  to  100  c.c.  with  distilled  water. 

The  mixture  is  then  passed  through  a  dry  Alter,  and  about  70  or  tt) 
the  clear  fluid  titrated  with  standard  amnionic  sulphooyanate  for  the  excess 
of  silver,  using  the  forrin  indicator  described  on  page  127.      i 
strength  of  the  silver  and  sulphocyauate  being  known,  the  measure  of  the 
former  required  to  combine  with  the  chlorine  in  the  7  or  8  cc.  of  urine  i» 
found  and  calculated  into  NaCI. 

Arnold  {Pfltiger**  Archiv.  xxxv.  541)  carries  out  this  process 
as  follows : — 

lOccof  urine  are  mixed  with  10  to  20  drops  of  nitre-  acid   m 
2  c.c.  of  ferric  indicator,  and  10  to  15  drops  of  solution  ol  .mate  to 

oxidize  organic  matter.    The  liquid  is  then  titrated  according  to  Vol  hard'* 
directions. 


(TfiXKE, 


■ .:"  Mohr'a  method  u  psoposed  l<\*  Zuelzer 
xviii.  320). 

urine  arc  acidulated  with  nitric  acid,  and  precipitated  with  silver 

«ilver  uhloriile  is  filtered  off   aud  washed,  then  dissolved  in 

lonia:   from  thin  solution  the  silver  i*  precipitated  with  fresh  NII'S. 

-  of  sulphide  is  then  removed  by  cadmie  nitrate,  the  liquid  diluted 

*  definite  volume,  tnnl  an  aliquot  part  filtered  off,  acidulated  with  nitri  - 

id,  neutralised  with   calcic   carbonate,  then  titrated  with  T"f  silver  and 

nuau*.    This  method  is  cumbrous,  and,  if  iho  reagent*  are  not  extremely 

liable  to  grreat  inaccuracy. 

By  Mercuric  Nitrate    (Lie big), — The    principle    of    this 
;thod  is  aa  follows: — If  a  wlntioil  free  from 

i  an  of  acid,  is  added  t<>  a  solution  of  area,  a  white  gelatinous 
■  is  produced,  til  mercuric  oxide  in  the 

ui  of  1  aq,  of  the  former  to  4  eq.  of  the  hitter  (4IIgO  +  Ur). 
odio  ohloride,  howerer,  is  pnemt  in  the  solution,  tliis 
ripitate  does  not  occur  until  all  the  sodic  chloride  is  converted 
doable   de  LOO    into  mercuric   chloride  (suhliunito)  and 

iio  nitrate,  the  solution  remaining  elfior;  if  the  exact  point  be 
,  the  excess  of  mercury  immediately  produces  the  prc- 
ipitate  above  described,  so  that  the  men  prannnt  acta  as  an  in- 1 
of  the  end  of  the  process.     It  is  therefore  possible  to  ascertain  the 
portion  of  chlorides  in  any  given  sample  of  urine  by  this  method, 
trength  of  the  mercurial  solution  is  knows,  since  1  eq,  of 
eonvertfl  1  eq.  of  sodic  chloride  into  1  eq,  each  of 
BubUmate  and  sodic  nil  i 

Lard    Solution  of    Mercuric    nitrate. — It  is  of  great  im- 
iltttion  be  pure,  for  if  the  mercury  from  which 
it  18  made  be  Contaminated   with  traces  of  other  nn-tals,  utob  as 

liamuihf  siivri,  or  load,  they  will  prodnee  a  cloudiness  in  the 

tuirl  while  under  titration,  which  may  p  biensa  the  exact 

action  ;  therefore  18*42  gm.  of  the  purest  prceipi- 
oxkle  are  put  Into  a  beaker,  with  a  sufficiency  of 
pun-  nitric  acid  of  about  l-U  apea  grav.  to  dissolve  it  by  the 
aid  of  i  gi  r  solution  so  obtained  is  evaporated 

on  the  ith  to  remove  any  excess  of  free  acid.     Wnen  the 

liquid  is  dense  and  sirupy  in  consistence,  it  may  be  transferred  to 
the  graduated  cylinder  or  flaak  and  diluted  to  a  liter.      1  o.c.  of  the 
in  so  prepared  is  equal  to  0*01   gm.  of   sodic   chloride,  or 
0-006059  gm.  of  chlorine, 

If  pun-  mercuric  aside  is  not  at  hand,  the  solution  is  best  made  by  vrai . 
gm.  o  chloride,  which  is  dissolved  in  about  a  liter  of  water  and 

ipitated  with  a  slight  excess  of  caustic  potash  or  soda.    The 
ripitnle  of  \ellow  oxide  is  allowed  to  settle  clear  and  the  liquor  decanted, 
is  repeatedly  washed  in  this  manner  with  warm  distilled  water  until  the 
washing*  -how  no  amount  of  alkali  or  alkaline  chloride ;  the  precipitate  is 
[sBOtved  in  the  smallest  quantity  of  pure  nitric  acid,  and  diluted  to 
mi  960  •■  <■.     II     mi.   ^Teat  excess  of   nitric  acid  is  present,  it  may  bo 
itiously  neutralized  bv  pure  sodio  hvdrate  or  carbonate. 
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Verification  of  the  Mercuric  Solution.— Tl.: 

the  help  of  the  following  solutions  :— 

Bodk  chloride. — 20  gin.  pax  I 

Solution  of  Troa. — 4  gnt  of  purr  ana  in  100  i 

Solution  of  pur--  Lphati .     Saturat 

pemturea.     This  is  need  u>  regulate  tine  action  ofl    th< 

which  is  liberated  in  the  reaction.     In  tl  orine  ii 

u  not  atcfl 

Proce**  of  Titration:  10  CO.  of  the  standard  sodio  chloride  (  =  0 
NaCI)  are  placed  in  a  smalt  banker,  togi-i 

.c  of  wdio  sulphate.    Tin*  meroaric  solution  ;  iered  in  from 

the  burette,  with  constant  stirring,  until  a  decided  pernuoenl 

is  seen  to  form.  A  mere  opalescence  may  occur  ovcu  at  the  beginning, 
anting  from  slight  impurities  in  the  mercury,  but  this  may  lie  disn 

mercurie  volution  has  been  made  from  weighed  pure  oxide,  exactly  SO 
o.o.  should  be  required  ;  if,  on  the  contrary,  it  has  been  made  from  the  fresh 
unwei^hed  oxide,  somewhat  lew  than  2"  .       i  be  required.     G 

16"5c.c.  have  been  found  to  give  the  necessary  reaction,  then  the  solution 
must  be  diluted  with  distilled  water  in  the  proportion  of  15  c.c.  to  every 
I  v.*.,  it  028  « ■..'.  iimde  up  to  a  titer. 

It  may  happen  that  tin-  solution,  when  made  from  wi 
i  ic  oxide,  is  not  correct,  owii 
perfectly  pun-  material  .  in  such  case  a  factor  must  bo  used  i 
the  volume  used  bO  tile  BOCTeOl  stand 

(-')      Baryta    Solution    for   removing'   Phosphoric    and    Sulphuric 
Aside. — Before  urine  can  be  submitted  to  titration  by  therm  I 
solution,  it  is  necessary  I  phoaphorio  at  id,  am!  the 

proper  agent  for  this  purpose  is  n  mixture  composed  of  1   n 
of  cold  saturated  solution  of  pure  baric  nitrate  ami  2  voltuni 
baric  hydrate  ;  the  same  agent  is  used  previous  to  the  estimation  <>! 
urea,  and  may  he  simply  designated  Baryta   \ 

The  Analyst* :  40  r.r.  of  the  clear  urine  are  mixed  with  SO  0  a  of  baryta 
solution,  and   the   thick    mixture  poured   upon  a  small   dry   filter;    when 
sufficient  ctoar  liquid  has  passed   through,  15  o.c.  (  —  10  c.c.  of    ur 
taken  with  a  pipette  and  just  neutralized,  if  necessary,  with  adi 
nitric  arid.     If  not  alkaline,  the  probability  is  that  sufficient  Ijoryta 
ha*  not  been  added  to  pi  ill  the  phosphoric  and  sulphuric 

Tliis  may  bo  known  by  adding  a  drop  or  so  of  tho  baryta  solution  to  the 
filtrate;  if  any  precipitate  is  produced,  it  will  be  necessary  to  mix  a  fresh 
quantity  of  urine  with  three-fourth*  or  an  equal  quantity  of  baryta,  in  which 
case  I7i  or  20  c.c.  must  be  taken  to  repr  the  excess  in 

either  case  of  baryta  must  be  oauiiotuty  neutralised  with  ■ 

The  vessel  containing  the  fluid  is  then  brought  under  a  \1 
contsiiiiag   the   mercurial  solution,  and  small  portions  delivs 
stirring,  until  a  distinct  permanent  precipitate  Is  produced.    XI 
solution  used  is  then  read  off  and  calculated  for  1000  parts  of  urine. 

Example:    15  c,c.  of   the   liquid    propurcd   with  n  sample 
described  above  ( =  10  c 

Uie  quantity  of  salt  present  was  therefore  0*062  gnt,  or 
parts  of  urine. 
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3.     Estimation   of    Urea    ILlebig-). 

Tin*  combination  between  urea  and  mercuric  oxide  in.ne* 

alk  been  alluded  to  in  the  foreg  Le  on 

c&loridee ;  it  will  therefore  probably  be  milj  niiiiimmij  to  way  thai 

ation  of  area  in  mine  u  based  on  that  reaction;  and 

as  the  precip  able  in  water  ot  weak  alkaline 

i,  it  Ea  od  ]>nn'  a  standard  soltition  t*f 

"f  oonvi  '-'tli,  and  to  find  bo  indicator  by  which 

to  detect  the  point  when  nil  the  urea  hna  entered  into  combination 

i  icurv,  and   the  latter  slightly  predominates.     This 

indi  carbonate.     Liebig's  insl  ire,  that  when 

i»  ll  of  adding  the  mercurial  aoratian  from  the  burette  to 

the  unite,  a  drop  of  the  mixture  is  taken  from  time  to  time  ami 

brought  in  contact  with  a  few  drops  of  solution  of  sodic  carbonate 

plate   or   in   a  watch-glass,  do  change   of   colou 
produced  at  the  point  of  contact  until  the  Eree  una  is  all  removed  ; 
when  this  is  the  case,  and  the  mercury  is  slightly  in  excess,  a  yellow 
colour  is  produced,  owing  to  tin?  formation  of  bydmted  mercuric 
ide, 

l   of    urea  and    m<  be,  acoordin 

Liebig's  analysis,  of  1  eq,  of  the  former  to  1  eq.  of  the  latta  ; 
that  is  t<i  say,  if  the  nitric  acid  set  free  bj  the  mixture  is 
neutralize!  from  time  to  time  with  sodie  carbonate  or  other  suitable 
.ilkali.  If  this  be  not  done,  the  precipitate  first  formed  altera 
in  character,  and   eventual];  ly  of   3  eq,  of   mercury 

with  1  of  urea.  In  order  to  produce  the  yellow  colour  with 
**od?  be  an  excess  >>i   mercurial  s<<lnti"ti. 

..    100   parts   of    urea   should    require    720    parts   of 
le;    but    practically,   772    parts  of   the  latter  are 
sear}    bo  remove    ill  the   urea,  and  at  the  same  time  show 
the    yellow   colour   with   alk.iii  ;  [nently    the    solution    of 

mercuric  nitrate  must  be  of   empirical  strength,  in  order  to  [ 
nccunte  results. 


Preparation  of  the  Mercuric  Solution. 


'  i 


gm  of  red  mercuric 


of  the  metal  itself,  are  treated  with  D 
as  described  in  the  previous  article  on  chlorides,  and  in  either  case 
dilated  Ur  I  titer:  1  c.c  of  the  solution  \*  then  equal  to  0*01  sm. 

Of  urea.      (Tb  care  required  bo  I  of  foreign 

not  so  necessary  here  as  in  the  foregoing 

1     ■    ii"    large    amount   of    free   add    must   be    present.) 

lorff  prefers  to  use  mercuric  chloride  in  the  preparation 

of  the  standard  .-"lotion,  l\  weighing  96*858  ran.  of  the  pure  salt, 

which  Ea  dissolved  in  water,  then  precipitated  with  dilute  aaustRO 

i,  the  precipitate  well  washed  bj  on  until  free  from 

chl  i   dissolved   ill  ■  of  nitric  acid,  and  the 

diluted  to  1  liter. 
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Thr  Analt/tts:    I  trine  nro  mixed  with  one  of  baryta 

dilution  as  before  described  in  the  case  of  chlorides  (reaervinif  the  pnotpUkta 
fur  thi*  determination  of  phosphoric  acid,  if  necessary),  m< 
t>r   urine)  taken  in  a  •'mall  beaker  for  titration;    it  is  brought  under  UV.* 

containing  tho  mercurial  solution  (wil  exom 

of  Imrvt  i,  :>-  in  the  case  of  ohlaridM),  wad  the  solution  added  in  small 
quantities  so  long  as  a  distinct  preoipiM  la  form.    A  plate  of 

r  dark  paper  is  previously  sprinkled  with  a  few  drop*  oi 

y id  a  drop  of  the  mixture  must  be  brought  from 

:i  small  glass  rod,  ><i  long 

colour  remains  white,  free  urea  is  present  in  the  mixture;  irhei 

colour  is  distinctly  apparent,  the  addition  of  mercury  i*  ied,  ao*l 

the  quantity  used  calculated  for  the  amount  of  urea.    It  is  Always  ftdvumM* 

t  thf  analysis,  taking  the  first  titration  as  a  guide  for  a  more  accurate 
estimation  by  the  second. 

Example .  15  o,c  «f  urine  deprived  of  phosphates  («I0  <>righvl 

urine)  were  titrated  as  described,  an 

consequently  there  mi  0*176  gm,  of  urea  present  in  tlio  1U  0.0.,  or  17'fi  porb 
in  the  1000  of  urine. 

The  experiment  of   Rautenberg  (Ann. 
aaadii  55)  and  Pfluger  {Z.  a.  0.  xix,  ! 
the  method,  as  devised  by  Liebig,  is  open  to 
the  muri-tiiiiity  in  fche  point  of  nentraJizatiosu 

Pfltigftx'fl  researches   i  omplete,  and  lead  to  the  follow- 

ing modification  <>f  the  pr  i 

A  solution  of  pure  urea  is  pre]        I 
10  cc  of  this  solution  is  placed  in  a  beaki 
mercury  sointion  ran  into  it  in  a  continuous  stream  :  tie 
thru  immediately  brought  under  a  burett  d  sodic 

carbonate,  and  this  solution  is  added  with  constant  agitation  until 
a  permanent  yellow  colour  appears.     Tin-  volume 

hat  which  is  necessary  to  neutralize 
produced  by  20  cc  of  the  mercury  solution  in  the  presence  o 
Pfluger  found  that  by  titrating  10  cc.  of  the  urea 
small  additions  of  tho  mercury,  and  occasional  nctttra 
end  of  the  reaction  occurred  generally  at  from  17 
mercury  ;  hut  when  ho  ran  in  boldly  197  cc  of  mercury,  fi  I 
immediately   l»y    norrnul  honate   U>  neni    neu1 

alternately  a  drop  or  two  of   first  mercury,  . 

point  was  reached  at  20  cc  of  mercury  ;  and  wh< 
mercury  solution  whi  h  gave  this  reaction  were  anaJ       i 
by  weight)  u  mean  of  several  detennin  i 
\\j  ►,  which  agrees  very  closely  witli  Liebig'i 

In  tho  case  of  titrating  mine,  tho  following  methi 

A  plate  of  colourless  glass  is  laid  upon  bl 
thick  mixture  of  sodic  bicarbonate  (free  from  car*  • 
upon  it  at  convenient  distances.    The.  mercury  solution  i 
in  Mich  volume  as  is  judged  appropriate,  and  from  ti 
white  mixture  is  placed  beside  the  bicarbonate  so  as  to  ■ 
completely.      At   first  the   urine   mixturo  rem  tl   sift 

further  additions  of  mercury  a  poiut  at  but  - 
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■place  1o  yellow.    "When  the  colour  lias  developed  itself,  both  drops  are  rubbed 

together  with  a  glass  rod :    the  colour  should  disappear.    Further 

uercury  is  made  cautiously  until  a  faint  yellow  is  permanent. 

the  tiroo  to  neutralize  by  the  addition  of  the  normal  soda  to  near  the 

volume  which  has  been  found  necessary  to  completely  neutralise  a  given 

volume  of  mercury  solution.    If  the  time  has  not  been  too  long  in  reaching 

this  point,  it  will  be  found  that  a  few  tenths  of  a  c.c.  will  suffice  to  complete 

the  reaction.     If,  however,  much  time  has  been  consumed,  it  may  occur  that, 

notwithstanding  the  mixture  is  distinctly  acid,  the  addition  of  soda  prodUMS 

a  more  or  less  yellow  cohmr :  in  this  case,  nothing  is  left  but  to  go  over  the 

i  again,  taking  the  first  trial  as  a  guide  for  the  quantities  of  mercury 

arid  soda  solution.-,  which  should  be  delivered  in  one  after  the  other  as 

speedily  as  possible  until  the  exact  end  is  reached. 

It  it  absolutely  ry,  with  this  modified  process,  to  render 

tly  neutrtd,  after  it  is  freed  from  phosphates  and 
sulphates  by  batyta  atdufaaiL 

Corrections  and  Modifications  (Liobig). — In  certain  cases  the  results 
1  bj  The  abort  methods  are  not  strictly  correct,  owing  to  the  variable 
state  of  dilution  of  the  liquid,  or  the  presence  of  matters  which  afTect  the 
The  errors  are,  however,  generally  no  slight  as  not  to 
need  correction.  Without  entering  into  a  full  description  of  their  origin, 
I  shall  simply  record  the  facts,  and  givo  the  modifications  necessary  to  be 
made  where  thought  desirable. 

The  Trine  contains  more  than  2  per  cent,  of  Urea,  i.s.,  more 
than  20  parts  per  1000.  This  quantity  of  urea  would  necessitate  80  c.c. 
of  mercurial  solution  for  10  c.c.  of  urine.  All  that  is  necessary  to  be  done 
when  the  first  titration  has  shown  that  over  2  per  cent,  is  present,  is  to  add 
half  as  much  water  to  the  urine  in  the  second  titration  as  has  been  needed  of 
the  mercurial  solution  above  20  c.c.  Suppose  that  28  c.c.  have  been  used  at 
therefore  4  c.c.  of  water  are  added  to  the  fluid  before 
the  second  experiment  is  made. 

The  Trine  oontaim  less  than  2  per  cent,  of  Urea.  In  this  case, 
for  eve;  mercurial  solution  less  than  20,  0*1  c.c.  must  be  deducted. 

before  calculating  the  quantity  of  urea;  so  that  if  1C  c.o.  havo  been  required 
to  produce  the  yellow  colour  with  10  c.c.  uriue,  15'9  is  to  bo  considered  the 
correct  quantity. 

The  Trine  contains  more  than  1  per  cent,  of  Sndic  Chloride, 
t>.,  more  than  10  parts  per  1000.  In  this  ease  2  c.c.  must  be  deducted  from 
the  quantity  of  mercurial  solution  actually  required  to  produce  the  yellow 
colour,  with  10  c.c.  of  uriue. 

The  Uriue  contains  Albumen.     In  this  case  60  c.c.  of  the  urine  are 

vith  2  drops  of  strong  acetic  acid  to  coagulate  the  albumen,  the 

precipitate  allowed  to  settle  thoroughly,  and  30  c.c.  of  tho  clear  liquid  inked 

with  15  c.c.  of  baryta  solution,  filtered,  and  titrated  for  both  chlorides  and 

urea,  as  previously  described. 

The  Trine  contains  Ammonia  Carbonate.  The  presence  of  this 
substance  is  brought  about  by  the  decomposition  of  urea,  and  it  may 
sometimes  be  of   interest  to  know  the  quantity  thus  produced,  so  as  to 

As  its  prcseuco  interferes  with  the  correct  estimation  of  urea  direct,  by 

mercurial  mlntiorj.  a  portion  of  the  urino  is  precipitated  with  baryta  as 

presenting  10  c.c-  of  urine,  evaporated  to  dryness  in 

bath  to  expel  tho  ainmouia,  the  residue  then  dissolved  in  a  little 
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r,  and  the  una  estimated  in  the  ordinary  way.    On  the  other  I 
l  *)  c.c.  of  the  urine,  uo1   precipitated  with  Iwrvta,  are  ti 
normal   sulphuric    ncid   and    Bttnttl    jti^t,   f:  representing 

u 017  gBL  of  umuioMia,  or  003  pm.  of  urea, 

Pfli  -ii   fir  concentration  of  Tin- urea  differs  from 

Liebig^j  his  rale  being  u  follows: — 

•about  ..f  ana  wjlution  +  tue  udume  of  NaCO3  rcquired+the 
rotnnc  or  any  other  fluid  tree  from  una  which  may  bo  added,  owl  fmil  tui» 
V  ;  the  volume  of  mercury  solution  is  V3;  the  wm  then 

C=»  — (V— V*)x0-08. 

Tlii*  formula  holds  good  for  cases  where  the  total  mixture  is  lees  than  thro 

tume  of  mercury  used. 
With  more  conceutrated  solutions  this  formula  gives  result*,  too  hL-h. 

Pfeilfei  (ZsiLf.  BioL  xx.  540)  baa  made  o  careful  comparison 
of  Liebig's  (as  modified  by  Pfltiger)  and  Re 
uf  estimating   urea.     Tie*  essentia]  difference  of    Rautenbarg'i 
method  consists  in  maintaining  tin*  urea  solution  ncutruJ 

cccssive  additions  of  ■  bontite;  undei  tl 

'imposition  of  the  precipitate  diners  from  that  formed  wheu 
the  titration  ii  made  according  t"  Pttug  which 

ate  fnr  the  diminished  consumption  of  mercu  in  the 

method      The  general  conclusions  from  his  obeer 
maybe  summarized  as  follows; — (1)  In  estimating  the  con 

'lu-  chloride,  tin-  amount  of  d  as  small  a* 

possible,  and  01    cc,   should   be  subti 

mercuric   nitrate   used,   but  in  human  urine   it   is  preferable  t» 
he  chlorine  with  silver  nitrat  "f  tfa< 

tatter   does   not   Influence   the   result      (U)    The  coefficient  for 
dilution   should   be   determined   afresh   for  every    new   si 
solution. 


4.     Estimation   of   Urea  by  its  conversion  into  Nitrogvn  Ga*. 

If   a  solution  of  urea  i*>  mingled  with  an  alkaline  solun 

pochlori        '  hypobroraite,  the  u 

d,  which  can  bo  collected  and  measured  in 
the  usual    forms  of   gas   apparatus   described   in 
Lysis  of  gases 

Teat  experiments  with  pure  urea  have  shown,  that  the  wholfl  of 
the  nitrogen  contained  in  it  i»  eliminated  in  ith  tin- 

exception  of  a  constant  deficit  of  8  per  cent     In  I  l  urin« 

there  are  other  nitrogenous  constituents  pre.si  as  uric  arid, 

hippuric  acid,  and  creatinine,  which  render  up  a  small  pre. 
of  their  nitrogen  in  the  process,  but  the  quantity  so  obtained  a 
insignificant,   and    may   be    disregarded.      ( 
medical   purposes,   tins   method   of   estimating   urea   in   v 
jmtticiently  exact. 
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In  tin  diabetic  urines,  however,  Klehd  and  other*  have 

noted  "lit  that  this  deficiency  is  diminished,  ami  if,  is  addition 

the  glucose  present,  tgar  be  also  added,  it  wfll  almost 

itiroly  disappear.      ICehu   therefore   recommends   that    in   the 

sjjysn  i  trine  urinea  cane  sugar  be  added  to  tan  times  the 

amount  of  d  it,  when  the  diflaxan  a  tlie  actual  and 

tbeoratical  yield  of  i.  Ql  not  exceed  1  per  eent  ( BuU 

>.  [2]  xxxiii.  410). 

ml  West  (/.  C.  S.  [2]  xii.  749)  haw  deacribed  a 
ipparatus  for  working  the  process,  and  which  gj 
good  ireeults  in  a  short  space  of  time.     Tliis  method  has  given 
endless  forms  of  apparatus  devised  by  various  operators, 
icluding  Mehii,  Vvon,  I)upr6f  Apjohn,  Maxwell  Simp 
'Keefi  be.  :th«  principL  I  ruction  are  all,  howi 

s.    Those  who  niitv  wish  to  eonstract  simple  forms  ol 
is  fmm  ordinary  laboratory  appliances,  will  do  well  to  refer 
afcsof  Duprd  {J.  r.  s.  LS7T,  534)  or  Maxwell 
538). 

by  Russell  and  West  is  shown  in 
"I  may  bo  descritorl  as  follows: — 

The  tab  for  decomposing  the  urine 
is  about  'J  inches  Kong  and  about  half 
nn  inch  inside  diameter.  At  2  inches 
from  its  closed  end  it  is  narrowed,  and 
an  elongated  bulb  is  blown,  Leering  the 
at  its  neck  £  of  an  inch  in 
diameter;  the  bulb  should  hold  about 
IS  i.e.  The  mouth  of  tin's  tube  is 
fixed  into  the  bottom  of  a  tin 
about  1^  inch  dee]),  which  acts  as  a 
pneumatic  trough  ;  the  tray  is  supp< 
on  legs  long  enough  to  allow  of  a 
Rmall  spirit,  lamp  being  held  under  the 

bulb  tube.  The  measuring  tube  for 
collecting  aha  nitrogen  is  graduated  into 
cubic  centimeters,  and  •  >.  itt  as 

("^^^mm  A^r    bo   lit   over  the    mouth   of    the     I 

posing  tube;  one  holding  about  40  ae. 
jj^^  ia a  convenient  eise,  Russell  and  \\'<    i 

pl». 45,  haw   fixed   by   experiment   the   propor- 

tions, 80  asto  oluiaie  the  necessity  for 
[on  of  pressure  and  temperature,  namely,  37*1  cc.  =  0*1  gm. 
ud  that  5  cc  of  a  2  per  cent  solution  of 
nstautly  gave  371  cc.  of  nitrogen  at  ordinary  temperatures 
d   pressures.     The  entire  apparatus  can  be  purchased  of  most 
sum. 
Hypobromite   Solution. — This   is   beat  prepared   by  dissolving 

lOO  gm.  of  caustic  soda  in  350  CC  of   water  and   adding  98 
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bromine;  this  mixture  gives  a  rapit  >>sitiaii 

•»f  fibs  am.    It  i-;  always  )>■ 

required.     Sferon  ;  ie  hypochloj 

equally  well,  and  |mssesse  it*  r. 

The  Analysis :  B  0.0.  of  the  urine  are  measured  into  the  bulh-tul- 
roMf  position,  and  the  side*  nf  the  tube  washed  down  with    I 
water  *o  that  the  bulb  is  filled  up  having 

u  thin  band  of  india-rubber  on  its  I  [Willi  down  into  the  tube  n 

as  to  plug  up  the  narrow  opening  of  the  bulb.    The  bypobromj 
then  poured  into  the  upper  part  nf  the  tube  until  it  is  full,  ami  the  trough 
is  afterwards  half  filled  with  h 

The  graduated  tube  is  filled  with  water,  the  thumb  placed  on  the  open  end, 
and  the  tube  is  inverted  in  the  trough.     The  (flaw  I  pulled  out, 

and  the  graduated  tube  dipped  over  the  mouth  of  the  bulb-i>  n 

The  reaction  oommanoos  immediately,  and  a  torrent  of  gas  rises  into  the 
measuring  tube.  To  prevent  any  of  the  gas  being  forced  out  by  the  reaction, 
the  upper  part  of  the  bulb-tube  ta  slightly  narrowed,  so  that  the  gas  is  directed 
to  the  the  graduated  tnbe.     With  the  streng:  »romit< 

solution  above  described,  the  reaction  is  complete  in  the  eold  iu  about 
fifteen  minutes;  but  in  order  to  expedite  it,  the  bulb  in  slightly  warmed. 
This  cause*  the  mixing  to  take  place  more  rapidly,  and  the  reaction  is  then 
ite  in  five  minutes.  The  motion  will  l>e  rapid  and  complete  only 
when  there  is  considerable  excess  of  the  hypobroinite  present.  After  the 
reaction  the  liquid  should  still  have  the  characteristic  colour  of  the 
b^pubramite  mjuJaon* 

The  amount  of  constriction  in  the  tube  is  by  no 
i»f  indifiBreuee,  as  tin*,  rap&ditj  with  which  the  rea  * 

la  upon  it.     If  the  liquids  mix  too  quickly,  tin*  evolul 
Uie  gaa  ii  bo  capkl  that  1"-  rar.     i  In  the  other  hand,  if  the 

tube  is  too  much  constricted,  t1  ion  takes  pis  wlv. 

The  simplest  means  of  supporting  the  measuring  tuba 
the  bulb-tube  corked  into  n  well,  which  projet  ts  from  the 
the  trough  nlK>ut  one  inch  downwards     The  grudu&ted  tube  ■ 
over  tin-  bulb-tube,  and  rusts  upon  the  cork  in  tin 
well.     It  is  convenient  to  have,  at  the  other  end  <>f  the  ti 
another  wall,  which  will  fonu  a  support  foj 
when  Dot  in  Ma, 

To  avoid  all  calculations,  the  measuring  tube  is  gradual 
the  amount  of  gas  read  off  expresses  at 
tlio  percentage  amount  of  urea  in  the  urine  experimented 
i.e.  tin*  number  of  grams  in   100  e>c,  5  c.c  being  the  quanl 
urine  taken  in  each  case.     Tito  gaa  collected  ia  niti 
with  aqueous  vapour,  and  the  bulk  will  o 
affected  by  temperature  and  pressure.    Alterations  of  the  lwir- 
produce  so  small  an  alteration  in  the  volume  of  the  goo,  tl 
may  be  gene  rally  neglected;  n,g,  if  there  are  30  c.c.  of  ni' 
the  quantity  preferred,  an  alteration  of  one  inch  in  thi 
barometer  would  prod  roi  in  the  amount  of  urea  of  about 

0*003  ;  but  for  more  exact  experiments,  i  resBute 

should  be  introducr-d. 

In  the  wards  of  hospitals,  mid  in  rooniB  where  the  eacperu 
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most  likely  to  be  made,  the  temperature  will  not  van-  much 

i    K.,  .tiid  i  fortunate  compensation  od  aritb 

farm  of  apparatus  under  then  circumstances.     The  tension  of 

ther  with  th';  expansion  of  the  gas  at  this 

iturc,  almost  exactly  counterbalances  the  loss  of  nitrogen 

on. 
authors  found  from  fnpmffMM  that  D  <■.<•.  of  iiriii"   i-   fchfl 
ioet  advantageow  by  to  employ,  as  it  usually  evolves  a  con- 

■nh-nt  bulk  of  pa  imant  with,  i.e.  about  30  ex.     They 

have  shown  tl  <>f  a  standard  solution  containing  '2  pet  I 

of  men  evolve  S70  ox.  of  nitrogen,  and  have  consequently  taken 
f  the  graduation  of  the  meaflonng  tuba.    This 
lmlk  of  gas  is  read  off  at  «  eatflV  of  urea,  and  in  the 

ann;  ler  graduations  on  the  tube  represent  percentage 

It  the  ozine  axperimi  nted  with  is  very  rich  in  urea,  so  that  the 

0,  t  v  live  a  much  larger  volume  of  gas  than  30  cc,  then  it  is 

best  bo  dilate  khe  mine  with  ita  own  bulk  of  water;  t^k* 

0,0,  of  this  diluted  urine,  and  multiply  the  volume  >»f  gas  obtained 

rwi '. 

If  the  anna  oontauu  much  albumen,  this  mtaxtaea  with  the 
koeas  s«>  far  that  it  bakes  a  \a  I  c  the  babbles  of  #w  to 

I  »re  th-   volume  of  gas  obtained  mh  be  accurately  read 
It  is  therefore  better  in  such  cases  to  tm  much  as 

he  albumen  by  heating  the  urine  with  faara  ox  U 
said,  filtering,  and   than   using  the  filtrate  in  tho 
nana]  manner. 

The  hypobecmite  method  of  estimating  urea  has  given  rise  to 

im  -ion  during   the  last  few  years,  and  among  othei 

.  there  occurs  one  from  1  'r.  Worm  ley,  which  negatives 

that  there  is  necessarily  a  Lose  of  uataugun  by  this  procees 

AT.  xlv.  27). 

This  "j-i-mtor  gives  tho  result  of  his  experiments  as  follows : — 

uxpose  of  examining  the  accuracy  of  this  pimnona  Bar  area, 

the  present f  cane  sugar  or  glucose,  the  form  oJ 

it   least  in   principle,  advised  by  Apjohn  (C  N.  xxxi.  37)  was 

nployed.    This  consists  -<f  a  wide-nnmtlied  bottle  m  which  ia 

taoad   the  reagent,  and  also  a  small  test-tube,  for  containing  the 

ihttion,  of  about  10  e.c.  capacity  and  of  such  length  as  to 

id  inclined  in  the  bottle.     The  mouth   of  the   bottle   is  oloaad 

ipper  carrying  a  glass  tube,  by  which  it  is  conn 

i\  rubb.  i  tubing  to  d  burette  divided  into  01  cm-,  and 

mended  in  a  long  cylinder  of  water  from  an  adjustable  arm. 

The  area  sotutii  id  in  the  small  tube  within  the  charged 

and  when  there  is  no  lunger  any  ''1' 
the  height  of  the  column  of  liquid  within  the  graduated  tube, 
lis  is  so  adjusted  that  the  surface  of  the  contained  liquid  exactly 
-  with  that  in  the  cylinder.     This  point,  the  temperature, 
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aiul  in  rln'  baxometrk  pram 

urea  sol  mixed  with  tin 

gently  shaking  tin-  mixture.     As  t]  ■ 

the  burette,  the  tatter  is  gradually  rai  ntained 

■^.1-  from  the  inoreaeed  pressure.     When  the 

entirely  ceased  and  there  i-  no  longer  any  change  in  tb< 

a  tub-  is  finally  ad|  Tie* 

aployed   v.  ■         .  -1.     In 

applyu  tganti  it  ~  d  with  a  volume  and  t   i 

pure  water, 

Will  tli  i  of  experiments  wa* 

employing  1  ci  odaid  solution  of  i 

strength  from   1   t<*  6  pel  d,  anil  added  Id 

ag  quantities  of  the  reagent.    These  expcrimeii 
results,  iii  sonic-  only  about  90  per  rent.,  and  even  less, 
nitrogen  being  evolved,  while  in  others  a  larger  proportion  ww 
obtained,  ami  in  still  others  tin  I   the  nitrog 

finally  obaerved  that  under  cei  uditiona  tin-  wh 

111**  nitrogen  ifl  uniformly  eliminated.     These  conditions  are; — 

1.  Tin-  reagent  should  be  freshly  prepo 

2.  Tin-   urea  solution   should   1m-   wholly  added  to  the  re 
DODfl  of  tin-  latter  ln'in^  allowed  to  mix  with    tin- 

the  cont. lining  tabs. 

.'(.    Tin-  amount  of  urea  operated  upon  should  not  exon 
part  to  about  twelve  hundred  parts  <>f  the  dilated  reagent 

Moreover,  tin-  diluted  urea  solution  should  be  added  in 
portions  nt  a  time  to  the   reagent,   thoroughly   mixed,   sad   tli? 

soenoe  allowed  to  cease  before  any  further  additii 
So,   also,    it   would   appear,   at   least   when   comparaLiveh 
quantities  of  urea  are  present,  that  tin-  surrounding  temperate* 
should  not  he  less  than  about  80"  C.  (68"  PA 

In  the  practical  application  of  the  test,  if  a  2  per  cent-  solulMi 
of  urea  is  under  examination,  1  cc.  of  the  solution,  dilute]  with 
I  to  10  cc  water,  is  placed  in  the  containin  ad  tin' 

mixing  bottle  charged  with  10  c.c.  of  tin*  reagent  diluted 
15  c.c.  of  water;  whereas,  for  1   cc  of  a  4  per  cent  aoluti 
urea,  similarly  diluted,  not  less  than  about  50  cc.  of  t 
^t  should  bu  employed. 

In  a  final  scries  of  experiments,  in  which  the  above  cond 
vers  observed,  tin-  temperature  being  noted  to  J-  «.f  a  degi 

.    wits  reduced  to  the  standard  temperature  and  pressure,  the 
following  average  results  were  obtained: — 


Urea  employed. 
10  milligrams 
50        „ 
30         „ 
•10 


Nifr-.^en  evolved  = 

9*98  m.gnv 
20-07 
29-95      „ 
39-fi8      „ 
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experiments   it   was  assumed  that   1    gm.   of  urea 

2  cc.  of   nitrogen,  measured  at  0"  C.  ami  760  m.in. 

I  lie    pressure  ;    or,    that    each    c.c.    of    nitrogen    evolved, 

ired  under  the  conditions  stated,  represented  0*00268*  gm. 

irin  investigations    it    WSJ  in 

:  e  whole  "t"  the  nitrogen  was  not  evolved,  that  so 

the  conditions   remained    she  same,   the  relative  proportion 

eliminated    was    pretty    uniform.      Hence,    if 

the   volume   of    nitrogen   evolved   from   u   known    quantity   of 

I  under  «  uditkms,  or  by  a  given  form  of  apparatus, 

be   determined,    tin*   result    may   be    taken    an    the    basis    for    the 

nninatinii   of    tlie   urea  in   the   urine,  with  sufficient  accuracy 

clinical  pi 

Hamburger  (Ze&.  f.    Biol    xx.    286)  refers   to   Pflttger'a 

modification  of  Liebig's  method,  which  although  no  improvement 

en    much    to    1  >l;    His   own   method   is   founded   on 

Quinquand'a    {Momt  L889,    2),    in    whkh    t  1a*- 

coniposition  of  area  by  sodic  hypobzanute  is  auppoeed  to  take 

thus : — 


plflOO 


\  Wf  +  3Xa  1  JrO  =  SXuBr  +  2H»0  +  C<  )>  4-  >  -. 


This  reaetioa  requireethe  proportion  of  bromine,  aodic  hydrate,  and 
►  be  exactly  balanced  or  incorrect  results  will  be  obtained, 
The  author  claims  for  his  method  that  it  will  yield  ■  alto, 

no  matter  in  what  proportion*  these  reagents  are  present,  It 
consists  essentially  in  adding  an  excess  of  an  alkaline  solution 
of  sodic  hypohromite  of  known  strength  to  tin-  liquid  containing 
urea,  then  destroying  the  excess  of  hypobromite  with  an  excess  of 
standard  sodic  araenite  (=19*8  gm.  Aa^O8  per  liter),  ami  finally 
detejmining  the  amount  of  axeenite  remaining  mmxidized,  by 
titration  with  standard  iodine  solution,  the  amount  of  urea  then 
bsfaig  readily  calculated  froni  the  amount  of  iodic  araenite 
ced.    The  author's  experiments  as  to  the  accuracy 

the  method,  show  that  a  certain  (pjantity  of  urea  always 
at  of  hypohromite,  and  that  the  dilution  of 

solution  of  urea  has  no  effect  on  the  quantity  of  hypol'miuite 

.Vi  decide  on  the  applicability  of  the  method  to  natural  urj 
it  pains  were  taken,  the  urea  being  determined  as  domribod,  the 
dilution  with  water  studied,  pun-  urea  added,  and   the 
ited,  and  lastly  sodic  hypobromite  of  various  degp 
"•nipluyt-d  ;  the  results  of  the   experiments  are  given 
folly  and  tabulated     On  the  whole,  they  are  very  aatiaf 

ag  well  within  the  Limits  of  errors  of  oheervatioii 
nnuupiilj;  I     method  is  then  idered  applioal  ! 

. 
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6.    Estimation   of  Phosphoric   Acid     see   also   I    89  . 

The  principle  of  this  method  is  fully  described  .ii 
Tha  following  ioIntioM  Me  reqnfmd: — 


-0*005  gin. 


(1)  Standard   U  runic   ucututc  or  uitmte. 
PW(aeep.  274). 

(2)  Standard  Pli 

(3)  Solution  of  Sodie  acetate  (see  p.  274). 

(4)  Solntioa  of  Potosuc  ferocyanide. — About  1  part  to  90 
<if  -water,  freshly  prepared,  or  eome  of  the  finely  powiicrvd  salt. 

The  Ann1/i*i* :  50  c.c.  of  the  clear  urine  are  measured  into  a  email  beaker. 
r  with  5  c.c.  of  the  solution  of  sodic  acetate  (if  uranic  uitmte  is  used). 
The  mixture  is  then  wanned  in  the  water  both,  or  otherwise,  and  the  uranium 
solution  delivered  in  from  the  burette,  with  constant  -tirrinir,  m  long  a*  a 
precipitate  is  seen  to  occur.  A  small  portion  of  the  mixture  is  then  removed 
with  a  glass  rod  aud  tested  as  described  (p.  275) ;  so  long  as  no  brown  colour 
is  produced,  the  addition  of  uruuium  may  be  continued ;  anVtB  the  faintest 
indication  of  this  reaction  is  wen,  the  process  must  be  stopped,  and  the 
amount  of  colour  observed.  If  it  coincide*  with  the  original  i 
uranium  solution  with  a  simitar  quantity  of  fluid,  the  result  is  satisfactory, 
and  the  quantity  of  solution  used  may  be  calculated  for  tho  total  phosphane 
acid  contained  in  the  60  c.c.  of  urine ;  if  the  uranium  bos  heeu  used 
:if 'iihntally  in  too  great  quantity,  lu  or  20  c.c.  of  the  same  urine  may  be 
added,  and  the  testing  concluded  more  cautiously.  Suppose,  for  example,  that 
the  solution  has  been  added  in  the  right  proportion,  and  192  c.c,  used,  th« 
50  c.c.  will  have  contained  0*096  gni.  phosphoric  acid  (=  I  '92  per  100J.  With 
care  and  some  little  practice  the  results  are  very  satisfactory. 

Earthy  Phosphates. — The  above  determination  gives  the  total  amount 
of  phosphoric  acid,  but  it  may  sometimes  be  of  interest  to  know  how  much  of 
it  is  combined  with  lime  and  magnesia.  To  this  end  100  or  200  c.c.  of  the 
urine  are  measured  into  a  beaker,  and  rendered  freely  alkaline  witli  ammotua; 
the  vessel  is  then  set  aside  for  ten  or  twelve  hours,  for  the  precipitate  of 
earthy  phosphates  to  settle :  the  clear  fluid  is  then  decanted  through  a  filter, 
the  precipitate  brought  upon  it  and  washed  with  ammoniacal  water;  * 
bole  is  then  made  in  tho  filter  and  tho  precipitate  washed  through ;  the 
paper  moistened  with  a  little  acetic  acid,  and  washed  into  the  vassal 
containing  the  precipitate,  which  latter  is  dissolved  in  acetic  acid,  eome  sodfo 
acetate  added,  and  the  mixture  diluted  to  about  60  0,0.  and  titrated  as  before 
described ;  the  quantity  of  phosphoric  acid  so  found  is  deducted  "from  tb* 
total  previously  estimated,  and  tho  remainder  gives  the  quantity  existing  ia 
combination  with  alkalies, 


6.    Estimation   of  the   Sulphuric   Acid. 

Standard    Baric    chloride. — A    qimntii  Ubsdd    usrii! 

chloride  is  to  be  powdered,  and  dried  between  folds  of  bli 
paper.     Of  this,  30*5  gm.  are  dissolved  in  distilled  water,  anil  tho 
liquid  innde  up  to  a  liter.      1  c.e.  =001  gm.  "f  'SO*. 

Solution  of  Sodic  sulphate. — 1  part  to  10  of  W 
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The  Analysis :  100  D.O,  uf  the  urine  are  poured  into  a  beaker,  a  little 
hydrochloric  acid  added,  und  the  whole  placed  on  a  small  sand  bath,  to 
ivhirh  heat  i*  applied.  When  the  solution  boils,  the  bsrfo  chloride  is  allowed 
to  flow  in  very  gradually  as  long  aa  the  precipitate  is  seen   distinctly  to 

reaeo.  The  heat  is  removed,  and  the  vessel  allowed  to  stuud  still,  so 
that  the  precipitate  may  subside.  Another  drop  or  two  is  then  added,  and 
so  on,  until  the  whole  of  the  SO3  is  precipitated.  Much  time,  however,  is 
saved  by  using  Beale's  filter,  represented  in  fig.  19.  A  little  of  the  fluid 
is  thus  filtered  clear,  poured  into  a  test-tube,  and  tested  with  u  drop  from 
the  burette  ;  this  is  afterwards  returned  to  the  beaker,  and  more  of  the  test 
solution  added,  if  necessary'.  The  operation  is  repeated  until  the  precipita- 
tion is  complete.  In  order  to  be  sure  that  too  much  of  the  baryta  solution 
baa  not  been  added,  a  drop  of  the  outtf  fluid  is  added  to  the  solution  of  sodio 
sulphate  placed  in  a  test-tube  or  upon  a  t>mall  mirror  (see  §  73.3).  If  no 
precipitate  occurs,  more  baryta  must  be  added ;  if  a  slight  cloudiness  takes 
place,  the  analysis  is  finished ;  but  if  much  precipitate  is  produced,  too 
large  a  quantity  of  tho  test  has  been  used,  and  tho  analysis  must  be  repeated. 

Fur  instance,  suppose  that  18*fi  CC  have  been  added,  and  there 

.still  a  aliyht  cloudiness  produced  which  no  longer  increases  after 

Ition   of  another   A   CO.,  we,   know  that  between    16}   and 

of  solution  have  been  required  to  precipitate  the  whole  of 

sulphuric  aeid  present,  and  that  accordingly  the  100  cc.  of 

contain  between  0185  and  0*19  gin.  of  SO*. 


7.    Estimation   of  Sugar. 

igLnal  method  is  precisely  the  same  as  described 
in  §  71,  hut  if  the  urine  has  decomposed  so  as  to  contain 
amm-MiM  <>r  amnionic  carbonate,  this  method  must  be  discarded 
and  PftTy*«  01  Knapp's  solution  UMcL 

The   Analysis:  10  o.c.   of  the  clear  urine  are  diluted  by   means  of   a 

measuring  flask  to  200  c.c.  with  water,  and  a  large  burette  filled  with  the 

fluid  ;  lo  e  •-.  of  the  copper  solution  ( =  OVb  gm.  of  sugar)  are  then  measured 

ito  a  white  porcelain  capsule,  40  c.c.  of  rfurtalldl   water  added,  the  vessel 

d   over  a  spirit   or   gas   lamp   under  the    burette,  and   DRW 

the  diluted  urine  is  then  delivered  in  cautiously  from  the  burette 
■■■  bluish  colour  has  nearly  disappeared.  The  addition  of  tho  urine 
ied  more  carefully,  allowing  the  red  precipitate  to  subside 
each  addition  by  removing  the  beat,  when  by  gently  sloping  the  capsule, 
the  clear  liquid  allows  th"  white  ^ides  of  the  capsule  to  be  seen,  so  that  tho 
faintest  shade  of  blue  would  be  at  once  perceptible.  When  the  colour  is  all 
removed,  the  burette  is  read  off,  and   the  quantity  of  sugar  in  the  urine 

K*  ulated  as  follows: — 
appose  that  40  cc.  of  the  diluted  urine  have  been  required  to  reduce 
10  OlD.  of  copper  snlutiou,  that  quantity  will  have  contained  0  05  gm.  of 
ir  :  but,  the  urine  bein^  diluted  20  times,  the  40  c.c.  npiflMUfl  only  2  o.o. 
he  original  urine;  therefore  2  o.o.  of  it  oontrin  005  gm.  of  sugar,  or 
1000. 
Pavy-Fehling  solution  is  much  more  generally  idapted  to 
urine,  and  ia  preiHirixl  und  used  precisely  as  described  in  §  71. 

Tk*>  Analysis:  10  o.C.  of  cle;ir  urine  are  diluted  as  just  described,  and 
livered   cautiously  from  tho  burette  into  50  or  100  c.c.  of  the  Pavy- 
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Pebiing  liquid  (previously heated 

nhrtrfrn  i-  tho  some  a  of  Pavy-Feb  !  \ 

=0>r  *e. 

The   sjaunoniacsJ   fumes   are   beet  adsorbed  by  leading  an  eburti 
from  the  reduction  flask  into  a  beaker  of  water ;  the  end  of  the  tube  *honH 

l  of  solid  irlfts»  rod,  and  n  transverse  slit  n*J- 
•ImUc  tube  just  above  the  phig.     This  valve  allow-  escape 

but  prevents  the  return  of  the  liquid  in  case  of  a  vacuum. 

Kuapp's   solution,   which   is   equally   applical 
bed  on  p.  296,  and  j>oseo8see  the  adva  i 
volntion  that  no  objectionable  fames  an  given  off. 

The  Auaii/si*:   10,  20,  or  40  cc.  of   Knapp's  solution  is   diluted  mth 
four  volumes  of  water,  and  heated  to  boiling.    The  diluted  urine  coataiiiini: 
from  half  to  DM  pat  cent,  of  sugar  is  then  gradually  added  until  ill  tho 
mercury  [fl  pre"  imitated,  as  shown  by  the  method  of  testing  gi\* 
Each  10  c.c  of  solution  =  0025  gut.  of  sugar. 


8.    Estimation   of  Uric   Acid. 

The  determination  Of  orio&cid  murine  is  nut  often  con- 
of   much  i .  .  iwevi 

whioh   it   is  desirable,   especially  in   urinary   deposits.     A 
ipiatit ity  preaent  in  urine  is  very  small,  it  is  necessary  to  tai 
J00  to  500  cc.  for  tbe  estimation. 

The  urine  being  measured  into  a  beaker,  from  6  to  8  c.e.  of 
chloric  acid  are  added,  tho  whole  well  mixed,  envcml  nit;, 
set  aside  in  a  cellar  for  24  or  80  honrs;*  at  the  end  of  thai 
will  be  precipitated  in  small  crystal*  upon  tho  bottom  and  aides  of  the  beaker. 
The  supernatant  liquid  is  decanted,  washed  once  with  -  i  nater, 

then  dissolved  in  a  small  quantity  of   pure  solution  of    potaflfa    diluted  t" 
150  c.c.  or  so  with  distilled  wa  Lifted  strongly  with  sulphuric  acid,  and 

titrated  precisely  as  oxalic  acid  (§  30.2  c).  with  *,  permanganate,  eoH 
which  is  equal  to  0  0075  gm.  of  uric  acid.    This  method  is  not  ab- 

?!io  fact  that  with  the  uric  acid  there  is  always  precipitated 
a  certain  amount  of  ootouring  matter  of  the  urine,  which  destroys  the  per- 
manganate equally  with  tho  uric  acid.    The  method  by  weighing  is,  however, 
open   to   the  Kime   objection,  beside  being  very  troublesome 
advantage  is.  gained  by  tho  latter  plan.     Hassall   states  thai   the  normal 
quantity  of  one  acid  in  urine  has  hitherto  been  considerably  under-estimated, 
and  that  if  the  urine  is  concentrated  by  evaporation  b< 
with  hydrochloric  acid,  a  much   larger  quantity  will  bo  obUii 
Feb.  1805). 

Haycraft  (Brit.  Metl.  Jtmrn.  1885,  1100)1 
of  estimating  uric  acid,  which  although  it   cannot  be 
absolutely  accurate,  is  capable  of  giving  fairly  gootl  in  the 

hands  <>f  ;i  careful  operator.      Tin*   method  is  based  on  the  fact 
that   uric    acid    combines  with    silver   as   silver    iir.u.',  w\ 
practically  insoluble  in  water,  ammonia,  oi 

"If  200  cc.  of  urine  ant  violently  ntitntml  for  fl>o  uUnutoa  with  S  0.0,  of  fumluj 
HO,  the  se  jurat  ion  will  be  complete  lu  an  huur. 
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in  nitric  acid.    Ths  chief  drawback  to  the  method  is  the 

lt  nature  of  the  precipitate  oi  silver  mute,  which  i*  slimy 

and  difficult  tn  wash  ;  this,  however,  u  orercome  by  collecting  the 

upitals  on  an  asbestos  filter  attai  bed  bo  a  filter  pump.    Tin* 

,  made  by  half  filling  a  Kraall  funnel  with  broken 

Dpon  which  .small  asbestos  fibres  suspended  in  water  an 

in-   depth  of  -J  inch  ami   STenfy  distributed.      Ehicfa 

be  used   repeatedly  for  the  bbbm  operatlaD.    The 

BDSJtwn  "f   the  aria  acid   depends  upon  the  titration  of   the 

silwr  with  which  it  is  combined,  by  Ynlhard's  method  (§39). 

sssary  solutions  are — 

™y  Amnionic  thiocyanata — Standardised  by  n  silver  solution 
<f  known  strength.     1  cc  =0*00168  gin.  uric  acid. 

Aim  I  lution. — 5   gin.    silver   nitrate    in   about 

100  ex.  ^f  water,  precipitated  and  re-dissolved  in  ammonia  to  a 

■iv  solution. 

io  indicator  and  pure   Nitric  add. — Tim  same  n 
in  §39. 

The  Analtftit:  9f  o.a.  of  urino  arc  placed  in  a  small  beaker,  together 
with  about  1  gm.  of  sodic  bicarbonate  and  2  or  3  drops  of  strong  ammonia. 
This  precipitates  aramonio-niagnesic  phosphate  and  prevents  reduction  of 
silver.  1 — 2  c.c.  of  aminoniacal  silver  -solution  arc  thou  added,  which  at  onoe 
prsdpStatM  the  surer  as  unite.  The  mixture  is  uow  placed  on  the  filter,  and 
washed  until  the  washings  show  no  trace  of  silver  by  testing  with  salt. 
The  precipitate  is  then  dissolved  in  a  few  c.c.  of  nitric  acid,  washed  into  a 
flask,  and  the  titration  carried  out  precisely  as  described  in  §  39.  The 
number  of  c.c,  of  thioeyanatc  used  multiplied  by  (V00168  (rives  the  arte  acid, 


Pin 
ta 


If  the  urine  t"  be  examined  contain*  albumen,  it  must  be  first 
Lifyiug  slightly  with  acetic  aetd,   beating,  and 
taring.* 


9.    Estimation   of  Lime    and  Magnesia. 


100  c.c.  of  the  urine  aro  precipitated  with  ammonia,  the  precipitate 
re-dissolved  iu  acetic  acid,  and  sutlieient  aiurnonic  oxalate  added  to  precipitate 
.ill  tlit-  lime  present  as  oxalate.    The  precipitate  is  allowed  to  settle  in  a  warm 

[luii  the  clear  liuuid  ].<assed  through  a  small  filler,  the  precipitate 
sought  upon  it,  washed  with  hot  water,  the  filtrate  and  washings  set  aside, 
then  the  precipitate,  together  with  the  filter,  pushed  through  the  runnel  into 
a  flask,  some  sulphuria  acid  added,  the  liquid  irmly  diluted,  aud  titrated  with 
permanganate,  precisely  as  in  §48;  each  c.c.  of  *z  permanganate  pi 
represents  0  002$  pa.  of  CaO. 


*  It  haa  been  Biurgeated  to  shorten  this  method  by  081119  an  exactly  known  amount. 
of  sil-rcr  winch  tbaU  be  in  excess,  tltlutuig  to  a  definite  measure,  then  tiltonng  off  an 
aliquot  portion  through  an  ordinary  niter,  ami  estimating  the  excess,  thus  finding 
the  amount  combined  as  urate.  This  avoid*  the  talioua  ftltratiuo  ukI  waahing  of 
the  |in»  uututR.  ami  gives  results  atrrceiny  with  the  anginal  u»tnod  with  pttfS 
solution*  of  uric  acid.  With  nriac  bath  methods  are  variable  as  compared  with 
other  methods,  due  probably,  to  obscure  causes.  Much  discussion  has  arisen 
■moug  phyaiulogicej  chemists  aa  to  tbe  various  methods  of  estimating  uric  acid, 
sad  a  convenient  exact  method  is  still  much  wanted. 

11   U 
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ml  of  the  It]      following  mn't  1 ; — 

The  precipitate  of  calcic  oxalate,  after  b  ■  >l.  is  dried  and,  together 

with  the  ill*  mm  or  poruel 

it  is  UOUfutou  into  a  milt';  oxide  and  carbonate*      I' 

tranpferrcd  to  a  flack  by  the  aid  of  the  washing  bott 

pipaMe,  The  amount  of  and,  m-rr  and  abore 
what  is  required  to  saturate  the  lime,  is  found  by  y\  caustic  alkali,  each  cc 
of  aeid  being  equal  bo  00028  gra.  of  CaO. 

In  examining  urinary  sediim  ;  ill  for  calcic  oxalej 

first  treated  with  cai  b  to  remove  uric  acid  aiicl 

matter,  th<  11  dissolved  in  sulphuric  acid,  freely  diluted,  anil  I 
with  permanganate  ;  each  cc,  of  js0  solution  represents  0*0054  gm. 

■ 

Magnesia. — Thr   filtrate  and  washings  from  the  precipii 

calcic  oxalate  >n   the  water  hath   to  a   small   bulk, 

then  made  alkaline  with  ammonia,  aodic  phosphate  added,  and  art 

or  <s  or  1U  hours  in  .1  slightly  warm  place,  that  th 
may  separate  as  ammonio-magiie-ie   phosphate.     The  suju-rnatant 
liquid  is  then  passed  through  .1  small  filter,  th 
upon  it.  washed  with  ammonia*  al  t\  it*  1  in  the  cold,  and 

(ted  with  uranium  solati 
cc  of  aolution  requi  sent*  0*002815  gm.  of  mn 


10.     Ammonia. 


The  only  method  hitherto  applied  to  the  determination  of 
rnonin  in  urine  is  that  of  Schlbsing,  which  consists  in  pL 

red  quantity  of  the  urine,  to  which  milk  of  J: 
added,  under  .111  air-tight  bell-glass,  together  with  an 
containing  .  red  quantity  of  titrated  arid.     In  th 

from  24  to  30  hours  all  the  ammonia  will  have  p 

into  the  aeid,  which  i^  then  titrated  with  »b  kali  to 

lind  the  amount  of  ammonia  absorbed 

One  great  objection  to  this  method  is  the  length  of  tin 
since  no  heating  must  be  allow  1  to  free 

ammonia,  when  heated  with  alkali.     There  is   dsc  the  mi-vruintv 
as  to  the  completion  of  the  process  ;  and  if  I 

the   absorption    ia  the  analysis   is  ■polled 

following  plan  is  recommended  as  in  mi  When 

a  solution  containing  salts  of  ammonia  is  mixed  with  n  mea 

1    ilk. tli   of  known 
ummorii:uMl  gas  censes  to  1 volvi'd,  it  is  found  that  the  re 

liquid    has    lost   SO    much    of    tin-    free    al'..  to   tin' 

ammonia  evolved  (§  18);  1  the  acid  which  existed  m 

combination  with  tin*  ammonia  in   I  ual  liquid 

ni<  h  of  the  fixed  alkali  (potash  t  : 
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mo&ia  it  lws  left  t>>  :_  In  the  0BB6 

urine  being  treated  in  this  way,  the  urea  will  also  be  decora 

e  ammonia,  Imt  happily  in  such   i 
ith  iii  f  the  original  amount  erf  emmoniaeal 

-ition  is  such  that,  whili   I  lonia  is  evolved  from 

up  of  the  urea,  carbonate  r»f  fixed  alkali  (sag  potsah) 

toiling  liquid,  and  as  this  i  quallyafl  alkaline 

though  it  wate  free  potash,  it  does  m>t  interfew  in  the  slightest 

ft*  vvitli  tli  ion  of  tlw  original  ammonia. 

Tli«*  following  ii  the  beat  method  <>f  procedure: — 

0  ft  tin*  urine  are  exactly  neutralised  frith  *.,  sods  or  p 

then  put  into  ;i  nasi  aspabw  of  nolding 
live  or  fix  timo  the  quantity,  10  c.c.  of  normal  alkali  added,  ami  the 
whole  brought  U>  boitin  care  that  the  Madden  of  froth  wl 

first  form  do  not  boil  over.    Altar  a  few  minutes  theee  subside,  and  thebolfinff 
proceeds  quietly.     When  nil  tnuDoniseal  funics  are  dissipated,  the  lamp  is 
L  and  the  flask  allowed  to  cool  slightly;  the  Chan  emptied 

into  a  tall  beaker,  and  normal  nitric  add  delivered  in  from  the  burette  with 

1  etirriug, until  a  One  glass  rod  or  small  feather  dipped  in  the  mixture 
atact  with  violefr-ooloarad  Utmns  paper  produces  oi 

blue  nor  a  red  spot.    The  number  of  c.c.  of  normal  acid  ore  deducted  from 
-in-  to  r.r.  of  alkali,  ami  the  rest  calculated  as  ammonia.     1  c.c.  of  alkali - 
n.  of  ammonia. 


■ 
and 
abt 


Example  i  100  c.c.  of  urine  were  taken,  and  required  7  c.c.  of  T"»  alkali 
to  iwtar.it**  its  free  acid;  10  c.c.  of  normal  alkali  were  then  added,  and  the 
mlxton  boiled  until  a  piece;  of  moistened  rod  litmus  paper  w as  not  turned 
Una  whan  held  bo  the  steam;  45  c.c.  of  normal  acid  were  afterwards  required 
toaaturate  the  free  alkali;  the  quantity  of  ammonia  was  therefore  equal  to 
multiplied  by  0*017,  pwe  0*0035  gm,  in  1000  of  urine. 

It  masl  be  borne  in  mind,  that  the  plan  hut  dessribsfl  h  aol  tpi>lieablo  to 
urine  which  has  already  raftered  dei  ompositioi]  by  age  or  other  eiroum 
so  as  to  contain  carbonate  of  ammonia;  in  this  case  it  would  be  preferable  to 

ethod;  or  where  no  other  free  alkali  is  pi 
titrati  rmaJ  acid  may  be  adopted. 


11.    Estimation    of   Free   Acid. 

Tim  acidity  oi  urine  is  doubtless  wndable  subetaDoec, 

tnoet  prominent  of  which  appear  ta  .  iodic  phoe- 

■■  ids  are  probably  in  many 

Under  these  eirei  I  pas  of  acidity 

ount  of  any  particular  body ;  neverthe- 

I    irahle  bo  iscertain  its  amount)  which  is  best 

follows  : — 


i ensured  into  a  beaker,  and    'r,  alkali  delivered  in 
a  small  ban  til  a  thin  ur!aw  rod  or  feather,  moistened  with  the 

-<i«  some  well-prepared  violet  litmus  paper,  produces 
degree  of  acidity  is  then  registered  us  being  equal 


itity  of  fs  alkali  used. 


n  n 
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trorc 
todlv 

i  put 


12.    Estimation    of  Albumen. 

(a)  By  Weight:  LOO  B.C.  of  fefae  dear  nrino  (or  lew  than  that  quantity 
if  much  albumen  is  present,  the  100  e.c.  being  made  up  witl 
introduced  into  a  good-sized  beaker,  and  heated  in  til  half  an 

hour.  If  the  urine  U  sufficiently  acid,  the  albumen  will  bo  separated  in 
Books.  Should  tlii"  not  be  the  ease  at  the  end  of  tin-  balf-hn 
and  the  fluid  merely  appears  turbid,  one  or  two  drops  (not  more,  wriest  the 
urine  is  alkaline)  of  acetic  acid  ire  added,  and  the  heati 
1  he  albumen  inpantaa  in  Honks:  the  beaker  is  then  put  a-ide  till  ihr 
it ute  lias  settled,  and  the  clear  liquid  passed  through  a  small  filter 
■■tistly  dried  at  M.  between  two  watch-glasses  held '- 

wiili  a  spring  clip,  and  weighed):  the  precipitate  i*  then   washe-I 
little  hot  water,  and  brought  upon  the  filter  without  low,  the  honker  washed 
nut  with  Imt  .jwtilled  water,  and  the  last  traces  of  precipitate  loosened  from 
the  sides  with  a  feather.     The  filter,  with  its  contents,  is  then  ropes 
washed  with  hot  water,  until  a  drop  of  tho  filtrate  oi 
of  glass  leaves  no  residue.    The  funin  ing  the  tiller  ii  then 

into  a  warm  place  to  dry  gradually;  Lastly,  the  alter  ramoi  I  of  the 

watch-glasses  and  dried  thoroughly  in  tho  air  bath  at  110*  C„  or  29  I 
another  watch-glass  is  then  covered  over  that  containing  the  filter,  the  spring 
clip  passed  over  to  hold  them  together,  the  whole  e<wleu  under 
and  weighed.     Tho  weight  of  tho  glasses,  filter,  and  clip,  dedu. 
total,  gives  the  weight  of  albumen  in  loo  c.e.  of  urine. 

(©)  By  Msasnrs:  In  order  to  avoid  tho  tedious  process  of  estima*. 
albumen  U  just  described,  Bodekcr  devised  a  method  of  titration 
gives  approximnto  results  when  the  quantity  of  albumen  is  not  too  small,  «v 
not  less  than  2  per  cent.    The  principle  is  based  on  the  fact  that,  potaw 
ferrocyanide  completely  precipitates  albumen  from  an  acetic  acid  solution  in 
the  atomic  proportions  of  211  ferrocyauide  to  1012  albumen. 

Standard   Solution  «>f   Ferrocyauide. — 1*309  gin.  of  the  pore 
wait  in  u  liter  of  distilled  water.     1  c-c,  of  the  solution  prei 
0*01  gm,  of  all.uiu.Mi.    It  must  be  freshly  preptfed. 

TheAnaty*\M:  50  e.e.  of  the  clear  filtered  urine  are  mixed   with 
of  ordinary  commercial  acetic  acid,  and  the  fluid  put  into  a  buret'. 
or  six  mii  ill  filters,  aru  then  chosen,  of  close  texture,  and  put  into  as  many 
funnels,  then  moistened  with  a  few  drops  of  :i  and  filled  up  with 

water;  by  this  means  the  subsequent  clear  filtration  of  tho  mixtunt 

i     -Iderabiy  facilitated.     10  c.e.  of   tho  ferrocyauide  solution  are   thcu 

measured  into  a  beaker,  and  10  CO.  of  the  urinary  fluid  from  the  burette 
added,  well  shaken,  and  poured  upon  filter  No.  1.  If  the  fluid  whios 
passes  through  is  bright  and  clear  with  yellowish  colour,  the  ferrocyamde 
will  be  in  excess,  and  a  drop  of  the  urine  added  to  it  will  produce 
On  the  other  haud,  if  not  euough  ferrocyauide  has  been  added,  tin- 
will  he  turbid,  and  pass  through  very  slowly ;  in  this  case,  frequently  b«ilh 
tho  fcrrocyanide  and  tho  urine  will  produce-  a  turbidity  when  added.    In 

t  he  filtrate  for  excess  of  ferrocyauide,  care  must  be  takcu  uot  to  add 
■  h  of  the  urine,  lest  the  precipitate  of  hydroferrooyanide  of  si 
should  dissolve  in  the  excess  of  albumen. 

According  to  the  results  obtained  from  the  first  filter,  a  second  trial  i 
increasing  tho  quantity  of  urine  or  fcrrocyanide  half  or  I  tin,  and 

so  on  until  it  is  found  that  the  solution  first  shown  to  be  in  excess  is  revorwd. 
A  tn:il  oJ  the  tneau  between  this  quantity  md  the  prtfrioOJ  one  will  brim.' 
tho  estimation  closer,  so  that  a  final  test  may  he  dec! 

Example;  50  CO.  of  urine  passed  b\  .t  patient  suffering  from  B 
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were  mixed  with  the  like  quantity  of   neotio  arid,  and   tested  as 


In  filtrate 

Urine. 

Ferrocyanirte, 

i  rlr.M 

fi  i  -■■■■■,  iaUU 

gave 

1. 

1 

10  i..-. 

0 

prec, 

L\ 

w   ., 

20     „ 

0 

:*. 

to  .. 

US    .. 

0 

prec. 

4. 

10  .. 

17-5,, 

0 

faint  prte 

5. 

30    H 

0 

0 

10  i       "f  diluted  urine  (  =  fi  &&  .if  the  original 
I  0*18  gm.  albumen,  or  36  parts  per  1000. 

13.    Estimation   of  Soda   and   Potash. 

5*i  <*.<■    of  urine  are  mixed  with  the  same  quantity  of   baryta  solution. 
rod  to  rtaod  a  short  time,  and  filtered;  then  80  e.c.  (  =  40  0.0.  urine) 
ired  into  a  pint  mum  dish  :ind  evaporated  to  dryness  in  the  v 

hie  i-"  then  Ignited  to  destroy  all  organic  matter,  and  when  culd 
lived  iu  a  email  quantity  of  hot  water,  amnionic  carbonate  added  so  long 
a  precipitate  oooura  Attend  through  a  small  filter,  the  prodpil 

ite  acidified  with  hydrochloric  acid  and  evaporated  todrynev,  thu 

tod  to  expel  all  ummuiiiocal  salts.     The  residue  is  then  treated 

little  water  end  B  few  drops  each  of  ammonia  and  amnionic  carbonate, 

the  tilt.-r  thoroughly  washed,  the  filtrate  and  washing*  received  into  a 

i  evaporated  to  dryness,  ignited,  cooled,  and  weighed. 

Lhia  means  the  total  amount  <>f   mixed  sodic  and  i>otaesic 
chlorides  is  obtained.     The  proportion  "f  each  ta  found  I 
lor  tin*  chlorine  u  in  J  38,  and  calculating  as  directed  on  page  1-0. 

14.     Estimation  of  Total  Nitrogen. 

This  esn  now  be  easily  accomplished  by  Kjeldahl'a  method 

rviceable,  since  it  1ms  bean  Sound  that 

of  the  titration  method  for  urea  by  Liebig/s  pn  i 

itli'-i    Li  final   way  or  by  Bubsequent  uiMiUtieutious,  cannot 

the  true  data  for  calculating  the  nitrogen  in  any  g[iTen  specimen 

o£  urine. 

The  Analysi* :    5  c.e.  of   urine  of   average  ronmitratioii  arc  measured 

:  about  300  c.c,  together  with  SO  e.o,  of  sulphuri 
len  boated  to  boiling,  and  the  heat  continued  until  ull  vipmir  and  gases 
:  off  and  the  fluid  potsesses  a  clear  yellow  tint.     25  to  30  minute* 
SKffioss,    The  flask  is  then  suffered  to  cool,  the  liquid  diluted,  and 
illed  with  caustic  soda  and  zinc  as  described  on  page  79. 


ANALYSIS     OF     NATURAL     WATERS     AND     SEWAGE. 

lysis  of  natural  waters  and  sewage  lias  for  a  long 

sriod    reeeivBd    the   attention  <>f    chemists,  but  until    lately  no 

tethods  of  examination  have  been  produced  which  could  1«-      Ed 

satisfy  the  demands  «•!  those  who  have  been  interested  in  the 

bus  points  <»f  view.    The  researches  "f  Clark, 
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Frankland,  Miller,  Wanklyn,  Tidy,  Bischof,  M 

tght  the  whole  bul 
«.  so  that  it  may  fairly  be  said  that, 
accuracy  of  chemical  processes,  or  interpretation  id 
sanitary  point  »»f  view,  very  lit tl •  ■  ulilttion  is  rwji 
able  spaoa  wiD  b  I  to  the  is 

lie  now  volume  I   admit  <-i 

raaulta,  the  ubject  na1  Qa  within  I  of  this 

wt-ik.     Considerable  paisfl  hare  been  taken  to  n  ndez  the  wcatraeat 
•  *f  the  matter  ptacti  ttfay. 

Since    tlif    VBU  i"iis     jiriHTssi's     in 

ils  and  ap]  ition  and 

will  be  described  at  Borne  length  previous  to  the  introd  i 
DBBata]  subject 


THE  PREPARATION  OF  REAGENTS. 

A.     Reaffents  required  for  the   Estimation  of  Nitrogen  present  ft* 

Ammonia. 

(a)    ETaaaler'e  Solution. — Diaaolre  62 
in  about  260  cc  "f  distilled 
gradually  to  the  larger  port  n  oolrl 

anbliinate    until    the   mercuric   iodide   precipitated    ooaoea   bo   be 
rediasolvi'-l  "ii  stirring.     When  a  permanent  precip 
restore  the  reserved 

continue  adding  i  Bublinmt  tdually  until  a 

precipitate  remains  undissolved.     (Tin-  small  iruantity  of  ; 
iodide  is  net  iside  merely  to  enable  the  mixture  !•■  In-  in 
witimutdax  idding  an  excess  of  corrosive  subliin 

Next  dissolve   150  gin.  of  solid  potassic  I 
sold  in  eticl  in   150  cc,  of  distilled  watei 

solution  to  cool,  add  it  gradually  t*>  the  above  aoLutiod 
up  with  distilled  water  to  one  liter. 

On  standing,  a  brown  precipitate  is  deposited,  and  tit.-  sofatMn 
becomes  clear,  and  of   a  |  Dish-yellow  colour.     It  i- 

Coi  use  .is  soon  aa  it  is  perfect!)  clear,  aid  should  ' 
a  smaller  bottle  aa  n  Qjuta  cL 

(/S)     Standard  Solution  of  Amnionic  cliloride.—  I  1  9107 

gm.  of  pun'  dry  ammunic  chloride  in  a  1 
this  tikr  100  ex.,  and  make  up  to  ;t  liter  with  distilled 
Tin*  Lai  on  will  contain  lunmonic  chloi 

0*00005  gin.  of  nitrogen  in  each  c.e.      In 
from  a  narrow  burette  of  10  cc  capacity  divided  into  teati 

[If    it   is   desired   to   estimate  "ammonia"  rather   than   "mUrofm  *i 
ammonia,'*  take   L'fi786  if  in.  of    ammoinf  euloriuj 
1  ex.  "ill  then  correspond  to  00O005  gui,  of  ■minora  I  l-Nll1).] 

(y)  I 
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in  a  platinum  crucible  for  about  un  hour,  tuking  care 
I  W  warm  rub  it*  in  a  clean  moi 
break  any  lump  cmed|  sod  transfer  to 

a  ilry  wide-mouthed  stoppered  bottle, 

Water  free  from  Ammonia. — If,  when  1  ■  ■  iler'a 

solution  (A.  a)  is  added  to  l"11  c.c  of  distilled  watei  in 

inuing  oo  a  white  ■  fetimatian  of  Ammonia), 

no  tract  of  a  yellow  tint  is  visible  aftei  five  minutes,  the  water  u 
MiMi' -ii-ntl;.  use.     As,  however,  tliis  is  rarely  n 

following   procoss  must  usually   be   :   I'yi     I       Distil   from   ;i   large 

(or  better,  from  a  copper  of  tin  vassal  holding  15 — 20 
liters)  ordinary  distilled  water  which  boa  been  rendered  distinctly 
alkaline  bj  addition  of  SOdic  carbonate.  A  glass  Liebig's 
condenser,  or  s  clean  tin  worm  should  bfl  used  to  condense  the 
valour,  it  should  be  Connected  to  the  ^till  by  ■  short  india-rubber 
joint  Teat  the  distillate  from  time  bo  bine  with  Keesler's 
solution,  aa  above  described,  and  when  bee  from  ammonia  eoUeci 
The  distillation  niiist    not   be  earned   to 

s.    Ordinary  water  may  be  used  instead  of  distilled  water, 
but  it  occasionally  continues  for  soma  time  ofl  traces  of 

ammorria  by  the  slow  decomposition  of  the  organic  matter  present 

in  it. 


B.     Reagents  required  for  the  Estimation  of  Organic  Carbon  and 

Nitrogen. 

(a)     Water  free  from  Ammonia  and  Organic  Matter. — Distilled 
,  to  which  1  gm  of  potassk  \v  id  0-2  gm.  of  j>otassic 

permanganate  per  liter  h,«  is  boiled  gently  Pot  about 

fcwi  ntv-four  hours  in  q  similar  vessel  to  that  used   in  preparing 
water  free  from  ammonia  (a.  5),  an  inverted  condense!  being  bo 
■  d  as  to  return  tin  d  water.     At  the  and  of  that 

time  the  condenser  is  adjusted  in  the  nana]  way,  and  the  water 
carefully  distilled,  the  distillate  being  tested  at  intervals  for 
ammonia,  as  in  preparing  A.  £.  When  ammonia  is  no  longer 
found  the  remainder  of  the  distillate  may  be  collected,  takh 
to  slop  short  of  dryness.  The  neck  of  the  retort  or  still  should 
point  slightly  upwards,  bo  that  tin*  joint  which  connects  it  with 
the  condenser  ia  the  highest  point  Any  particles'  carried  np 
ly  will  then  run  bach  to  the  still,  and  not  contaminate 
the  distillate.  The  water  thus  obtained  should  then  be  rendered 
slightly  acid  with  sulphuric  acid,  and  re-diatiUed  from  a  clean 
vessel  for  use,  again  stopping  short  of  dryness. 

ifit    Solution  ..f   Sulphurous  acid. — Sulphuroni  anhydrlds   Ea 

prepared  by  the   iction  of   pure  mlphurk  acid  npon  cuttinga  of 

upper  which  nave  been  digested  in  the  cold  with 

1  sulphuric    i  id  for  twenty-four  hours,  and  then  washed 
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wiili  water.    The  gas  in  mad  to  bubble  through  water  to  - 
mechanical  impurities,  and  then  condin  I 

ammonia  ami  organic  matter  (b.  a)  until  a  saturated   solution  u 
obi  lined. 

(y)  •  f  Hydric  sodic  sulphite, — Sulphui 

.1  and  v...  above,  ia  passed  inl 

by  dissolving  ignited  s<m1i» 
waAer  free  from  ammonia  and  organic  mattei  (B.  n). 
passed  until  i  nbonfc  anil  ises  to  be  evolved 

(2)     Solution   of   Ferrous   chloride,  -  Pure   crystolliz' 
sulphate  is  dissolved  in  v 
precipitate   well   washed    (using   ]"  B.  a  f or  tb 

washings),  and  dissolved  in  the  smal  bis  quantity  of  pun* 

mI,       Two    or    ihr Irops    must  <u\    an 

'it\   of  ammonia.     It  is  convenient  so  keep  the 
solution  in  .  ith  a  ground  glass  cap  instead  ol 

BO   Unit  B  small   dropping   tube    may   be   kept  in   it  alv 
for  use. 

(«)     Cupric  oxide. — Prepared  by  heating  to  re  U  fret 

access  of   air,   on    the    hearth   of  a   n  \  or  iu 

le,  copper  wire  i  norl  pieci  b,  orcopp* 

strips,    That  which  has  been  made  1 » v  - 

ad,  as  it  appears  to  be  impossible  to  expel  the  last  :  rices  of 
nitrogen.     After  use,  the  oxide  should   Ira  extracted   I 
the  combustion  tul.r,  rejecting  the  portion  which  was  mixed  with 
ibstance  examined.    As  soon  as  a  sufficient  quantity  has  been 
recovered,  it   should   ho   recaleiued.     This  is  in-  Mentis 

done  in  an  iron  tube  about  30  m.m.  in  internal  diameter,  and 
the  same  length  as  tin-  combustion  furnace.     One  end  should  br 
dosed  with  n  cork,  the  cupric  oxide  poured  in,  the  tube  pi 
the  combustion  furnace  (which  is  tilted  at  an  angle  of  about  K». 
bo  aa  to  produce  a  current  of  air),  the  cork  removed,  ind  the  tuK- 
kept  at  a  red  heat  fur  about  two  hours.     In  a  Elofn 
furnace,  with  five  rows  of  burners,  two  such  tubes  may  be  heated 
at  the  same  time  if  long  clay  u  od  in  the  outer  rows, 

and  short  ones  in  the  three  inner  rows.     If  the  furns 
three  rows  of  burners,  a  rather  smaller  iron  tube  rurj 
When  cold,  the  oxide  ran  easily  be  extracted,  if  the  heat  I 
been  excessive,  by  means  of  a  stout  iron  wire,  and  should  b 
in  a  clean  dry  stoppered  bottle.     Each  parcel  tint 
invariably  ■  ■!  by  filling  with  it  Lion  tube  of  tin- 

usual  size,  and  treating  it  in  evei  ctasannrdin 

It-  should  yield  only  a  very  minute  bubble  ««f  gas,  whicl 
almost   wholly  absorbed    by  potassic   h  I'tty  ol 

CO2  found  should  not  correspond  to  more  than  0*00005  gm.  *>f  r, 
otherwise  tie1  oxide  must  lie  recalcinrd).     The  finci  of  tli" 
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Ede  lihoald,  after  calcining,  be  sifted  ant  bj 
Iwui  copper  game,  end  reserved  for  nee  ;i<  dee*  i  El 
New  cupric  oxide  d  from  the  reverberatory  ru 

ioidtl  l  .    i,  and  if  not  sufficiently  pure,  as  is  moot  likely  flu- 

te, eel  toed        b  ibed,  end  gain. 

(£)    Metallic  Copper. — Fine,  copper  game  is  cat  Into  stripe 

BO   num.  wide,  and   Killed   up  as  tightly  a  ink    on 

■  a  compact  cylinder  BO  m.m.  long,   Thin 

ted  with  a  tight  caee  ol  moderately  thin  sheet  copper, 

which  meet  without  overlapping,     The  length  of  the 

ip  of  gauie,  and  the  at  diameter  of  the  cylinder,  moat 

h.it  it  will  fit  easily,  hut  not  too  Looeelj   in  the 

A  sufficient  number  of  these  cylinders  being 

roared,  a  piece  of  combustion  tube  ii  filled  with  them,  and  they 

heated  to  redness  in  the  furnace,  a  ourrenl 

passed  through  them  for  a  few  minutes  in  order  to  burn  ofl 
tc  impurity,  and  coat   the  cop  te  superficially  with 

\  current  of  hydrogen,  dried  bj  through  strong 

[phurie  arid,  is  then  substituted  for  the  sir,  and  a  red 
interned  until  hydrogen  issues  freety  from  the  end  of  the  tube. 
It  i-  then  allowed  to  cool,  the  current  of  hydrogen  being  continued, 
ud  when  cold  the  copper  eylinden  an  removed,  and  kept  in 
stoppered  bottle.     After  being  need  several  times  theymturl  be 
i  in  a  stream  of  hydrogen  as  before,  and  are  then  .i_ 
Tin-  heating  in  air  need  Dot  be  repeated- 

of    Potassic  hiehroraate.— This  is  used  as  a  test 

b  sulphurous  anhydride  which  maybe  present  in 

te  ga^  i  by  combustion  of  the  water  residue.     It  should 

ated,  and   doee   not  require  any  special  attention.     The 

i      romate  may  also  ho  used,  but  must  be  rendered 

I   it  should  absorb  carbon ie  as  well  as  -ulphurous 

ihydrSde. 

(8)     Solution  of  Potassic  hydi.it-.     A  cold  saturated  solution, 
ly  dissolving  solid  potassic  hydrate  in  distilled  water, 

(i)    Solution   of   Pyrogallic  add — A  cold  saturated  aohiMon, 
ing  in  distilled  water  solid  pyrogallio  acid  obtained 
limation. 

ion    of    < luprouB   chloride. — A    saturated    solution    of 
ide  is  rendered  strongly  acid  with  hydrochloric  arid. 
tity  >i  metallic  copper  introduced  in  the  form  of  win 

tl   tie-  whole  allowed  to  stand  in  a  closely  stoppered 
ftfck  until  the  solution  becomes  colourless. 

(X)    Oxygen,— Blow  a  bulb  --i"  about  'W  c*c  capacity  at  the  and 
I  comhustion  tube,  and  draw  out  the  tube  so  that  its 
denial  diameter  f  'i  i  Length  of  about  300  nun.  is  about  3  nun; 
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This  is  done  in  order  that  the  capacity  of  1 1 1 *- 

tin'  bulb  nay  c«  as  small  iw  possible.     Cut  the  tuba  .•: 

(►art  about   10  m.iii.   from   the   point  at  which  tin-  :j 

oommjsnees,  thus   leaving  ,i  smell   funnel-eh  i  th.     Thes 

■  p,   a  Iittb*  lit   ,i   time,   ilrii.nl,   coarsely   !*■- 
chlorate    until    tin-    bulb    is    full.      Cut   off   the    fann 
a  distance  of  100  iii.ni.  from  the  bulb,  bend  tin-  tub 

<i  at  10  in. in.  fr-'iu  I 

opposite  direction-     It  then  f  i 

one  piece,  Did  must  be  adjusted  in  a  mercury  troi  usual 

manner,  taking  caw  that  the  end  >\ 

'20  in. in.  below  tin-  surface,  as  otherwise  the  pree  a  great 

acnhunnof  mercury  might  destroy  the  bulb  when  - 
On  gently  heating,  tin-  |K>Ussir  chlorate  fuses  and  cvoli 
Tin-  .  collected  in  V  I   ISO  in _ j 

and  ^o  iii.ni.  in  diameter,  rejecting  tin-  first  CO  or  80  ca,  which 
i"iit.iiii  the  nitrogen  «»f  tin-  air  originally  in  the  bulb  retort     Fife 
it   in"!*-'  "f   these   tubes,  according    to   the   quantity   "f 
required,  are  collected  and  '  from  the  mercury 

very  email  beakers,  to  rj  in  which  mould  h 

D  may  be  kept  in  tliis  way 
for  any  desired  length  <-t  time,  care  being  taken,  if  the  ' 
falls  considerably,  that  there  is  sufficient  mercury  in  th< 
kivj-  the  mouth  of  the  test  tube  covered.     About  10  ca  of  Uu 
gas  in  tin-   first  tube  collected   is  transferred  b) 
u  mercury  trough  to  another  tube,  and  treated  with  pote 
ami  pTTOgallio  acid,  when,  if  after  a  few  minutes  it  i 
with  the  exception  *>f  a  very  small  bubble,  the  gas  in  that  and  tie* 

ning  tabes  may  bo  consult 
rejed       and  the  second  tested  in  the  same  way,  and  eo  on, 

(fi)    Hydric  metaphospliate. — The  glacial  hydric  metaphosphale, 
usually  sold  iu  sticks,  is  generally   free  from  ammoni 

A  solution  Bhould  be  made  containing  about   U 
in  a  liter.     It  should  be  so  i    from  ami 

do  not  contain  an  appreciable  quantity. 

(v)    *  lalcic    phosphate— Prepared    by    precipitating    aommoo 
disoaic   phosphate   with  calcic  chloride,   washing   the   pre 
with    water  by   decantation,   drying,   and  heating  to 
an  hoar. 


c. 


Beagcnts  required   for  the  Estimation   of  Nitrosren  present 
Nitrates  and   Nitrite*   (Crum'g   process). 


(a)    Concentrated    Sulphuric    acid. — The    ordinary    colourless 
acid    is  usually    free    from    nitrates  and    nitrites.     It   ahoi 
before    use    by  the    method    described    hereafter    f 
estimation  of  nitrogen  as  nitrates  (j  $3.6), 
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■it,    10   gat   of 

pernutognnate  in  ■  lifter  of  distilled  a 

(y)     -  rbooato, — Dissolve    about  10  em.  of  dry,  or  an 

[uivaleot  quantity  of   crystalliied   aodia   oarbom  from 

io  a  liter  of  distilled  muter. 


For  the  Estimation  of  Nitrogen  as  Nitrates  and  Nitrites  in  Waters 
containing:  a  vary  large  quantity  of  Soluble  Matter,  but  little 
Organic  Nitrog-en. 

(?)    Metallic  Aluminium.  -  As  thin  EoaX 

(«)  of  Bodie   hydr-iV.-  -Dissolve    100  am,  of   solid 

sodic  i  hi  a  liter  <»f  distilled  water;  when  ooM,  put  it  in 

.i  tall  glass  cylinder,  sod  \n\  Unit  100  sq«  can.  of  aluminium 

fnilt  which  tnnst  be  kept  at  the  bottom  of  the  solution  by  me 

i  Lhe  aluminium  is  dissolved,  bed]  the  solution 
briskly  in  ,i  porcelain  basin  until  about  one-third  of  its  vein 

oted,  allow  to  coolj  and  make  uj»  to  its  original  volume 
ith  water  free  from  ammonia,     Tho  abaenea  of  nitrates  is  thus 

(£)    Broken  Pumice  broken  In  pieces  of  the 

■  '    i     ,  lifted  free  from  dust,  heated  to  redness  fur  about 
hour,  and  kept  in  a  closely  stoppered  bottle, 

(i/)     EydrocnJoric  acid   free  from  ammonia,— -If  the  ordinary 

omonia,  it  should  be  rectified  from 
Iphuric  acid     As   only  two  or  three   drops  arc  used    in  each 
.j-  inn.  at,  it,  win  be  sufficient  if  that  quantity  does  not  contain 
■a  appreciable  proportion  oi  ammonia. 

For  the    Estimation    of  Nitrogen  as   Nitrates  and  Nitrites   by    the 
Indigo    Process. 

The  necessary  solutions  foe  this  method  have  already  been  fully 
!  <>n  page  240 


For   the    Estimation    of  Nitrites    by    Oriess's    Process. 
(6)      MetB -nlienylene -diamine.    -  A  h.iJf  per  eent.  solution  of  the 

in  wry  dilute  sulphuric  or  hydrochloric  mid.    Tim  base  alone 
not  permanent     If  too  highly  coloured,  it  may  be  bleoohed  by 
mal  chare 

(t)     J'ilut-     Sulphuric    acid. — One    volume  of    acid   to   two   of 

1  dissolve  0*400  gm. 
in  boiling   distilled    water,  and   arid    pure 
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potaamc  or  sodie   chloride   till  nn  further 

chloride  occurs.     Make  up  to  r  chloridi 

and  dilute  100  0.1 .  "t"  the  <]<*;ir  u'qui 

.ii  stopper)  ompletelj  1  in  the  dark. 

I  c.c.=O*0]  in^m.  XW. 

Tin-  colour  produced  by  ths  reaction  «<f  nitrons  :i«i<l  on 
phenylene-diamirj  .i/o-bonzem-,  or  "  Bismarck  fan 


D.    Reagents   required  for  the    Estimation   of  Chlorine   present  aa 

Chloride. 

(«)    Standard    Solution    of    Silver   nitrate.     I  ■ 
gm,   of    |>u  :  dli/til   silver  nitrate  in  distilled   wall 

nuke  up  to  a  liter.     In  use  it  is  convenient  to  m* 
be  whirh  holds  10  cc  and  is  divided  Into  tenths; 

(/3)    Solution  of  P<  ohromatc— A  strong  solution  of  pun' 

romate    free    from   chlorine.     It  i 
veniently  kept  in  1  bottle  similar  to  that  on 
ferrons  chloride  (b.  2). 


E.    Reag-onts   required   for  determination  of  Hardness. 

(o)    Standard  Solution  of  Calcic  chloride.    -Dissolve  in  JUuie 
hydnc  chloride,  in   a  platinum  dish,  0*2  gut,  of  pure 
calcite,  adding  the  i»i.l  gradually,  and  having  tin*  di 
with   ii  glass   plate,  t<»  prevent   Eoes    bj  spirting:      When   all  [fl 
dissolved,  evaporate  to  dryness  on  a  waUrk-irh,  add  a  littl>-  distinct! 

Lponate  to    dryness.     Repeat  tin*  • 
several    times   to  ensure    complete    expulsion  of   hydric  chloride, 
Lastly,  dissolve  tin-  calcic  chloride  in  distilled  water,  and  n 
to  one  liter, 

(/3)    Standard  Solution  of  Potassic  soap, — Ruh  together  in  a 
■   150  parte  of  Lead  plaster  (Emplsat  Plumbi  of  thu  druggists) 
and    40  parts  of   tlry  ]x>tassu-  When  th* ■> 

mixed,  odd  a  Little  methylated  spirit,  and  continue  triiuratin 
an  uniform  creamy  mixture  is  obtained.     Allow  to  stand  fox  some 
hours,  then    throw  on   to  a  niter,    and  wash  -  with 

methylated    spirit.     The    strong  solution    of   soap 
must,  be  diluted  with  a  mixture  of  one  volume  of  distiller 
and  two  volumes  of  methylated  spirit  (considering  1 1 
as  spirit),  until  exactly  14-25  c.c,  are  reqi  oansnt 

lather  with    50  cc.  of   the  standard    rak-ii    chloride  (e.  a),  tlie 

nenl   being  performed  precisely  as  in  rl 
ness  of  a  water.     A  preliminary  assay  should  be  made  with 
quantity  »-f   the   strong   snap   solution  in  useermin    ii 
After   making  the  solution   approximately  of   the 
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twenty  four  hours;  and  then,  if  neaeusry,  filter 
Ijuat  ito  strength  Mcanto^.     It  is 
>•■  solution  ;i  Little  t- »* >  strong  it  first,  ami  dilute  it  to  the 
required,  as  it.  is  easier  to  add  alcohol  accurately 

ttion. 


THE    ANAXYTICAX    PROCESSES. 

18,    To  form,  fur  sanitary  purposes,  an  opinian  of  the  character 
natural  water  or  sewage,  it  will   in  most  cases  suffice  to 
tie  nitrogen  aa  ammonia,  organic  air ban,  organic  nib  i 
tid    matter,  nitrogen  ns   nitrates   and    nitrites,  BUBpanded 
.  chlorine,  and  hardness';  and  in  the   following  pages  the 
tiou  of  these  will  Ixi  considered  in  detail,  and  men,  moro 
briefly,  thai  of  other  impurities. 

The  method  of  estimating  nitrogen  as  amm<  iibstanttally 

leaeribed  bjrthe  late  W.  A.  Miller  (J.  G.&  [2]  iii.  1*5), 

ami  th.it  t"i  estimating  organic  carbon  and  nitrogen  mi  devised 

l\y  Frank  land  and  Armstrong,  ami  deaoribed  by  them  in  the 

lie  ■    2]  vi  77  ft  >'-'/.). 

1.   Collection  of  Sample*. — The  points  to  bo  considered   uadar 
head  are.  the  vessel  to  be  used,  the  quantity  of  water  required, 
il  the  method  of  ensuring  a  truly  representative  sample. 

-  should  be  avoided,  u  they  are  apt  to  affect  the 
-  of  the  water,  and  are  more  difficult  to  clean  than  glass. 
red  ;nrlass  bottles  should  be  used  if  possible;  those  kiu^wi 
"Winchester  Quarta,"  which  bold  nlmut  two  and  a  half  liters 
iy  convenient  and  easy  to  procure.     One  of  these  will 
!  sufficient  for  the  general  analysis  of   sewage  and  largely 
polluted  rivers,  two  for  well  waters  and  ordinary  rivers  and  si  I 
d  three    for  lakes  and    mountain  springs.     If   a  more  d< 

-  required,  of  course  a  larger  quantity  must  be  taken. 
If  corks  must  be  used,  the\   should  be  neu>,  and  well  v.. 
with  the  water  at  the  time  of  collection. 

In  collecting  from  a  well,  river,  or  tank,  plunge  the  bottle  Itself, 

possible,  below  the  surface  ;  but  if  an  intermediate  venal  must 

.  see  that  it  is   thoroughly  clean   and  well   rinsed  with   the 

Avoid    the    surface    water    and    also  any    deposit  at   the 

If  the  sample  is  taken  from  a  pump  or  lap,  take  care  to  let  the 

ter  which  has   been  standing  in  the  pump  or  pipe  run  "ft'  fa 

en  allow  the  stream  to  flow  directly  into  the  bottle, 
ant  a  town  water-supply,  take  it  bum  the  service 
immunicating  directly  with  the  street  main,  and  not 
■  ■ 

,   first    till  the  bo  ty  with   the   water, 

tig  all  gases  and  vapours,  empt\  it  again, 


polii 

and 
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carefully  with  the  water,  and  then  lill  i'. 
ami  tic  down  tightly. 

A*  ill--  tirae  of  collection  note  tin-  source  <»f  the  • 
from   a  (Uep  or  shallow  well,  a  river  or  spring,  and   ah 
name  so  that  it  niav  '  ■  [fied. 

If  it  is  from  o  well,  ascertain  the  nature  «>f  the 
waterbearing  stratum,  the  depth  and    d  .f    tin-  wi 

distance    from    neighbouring  cesspools,    draj 
of   ]H)llution  ;   whether  it  posses  through  an  imp  r.ratuni 

the  water  I  tratum,  ami  if 

;  the  well  above  thi  ighL 

IS  il.  is  from  a  river,  ascertain  ti  -m  the 

bo  the  point  of  collection;  whether  an\  pollution 
place  above  that  point,  and  the  geological  nature  of  the  ■ 
through  which  it  nWa, 

If  it  is  from  a  spring  take  note  of  the  stratum  from  which  it 
Isaatta, 

2.  Preliminary   Ob*arvation«. — In    order  to   ensure    tmifo 

jlir  bottle  should   invariably  be  well  shaken  before  takm 
b  portion  of  the  sample  for  any  purpose.    The  ooi  uld  1m 

ad  ns  seen  in  s  tall,  narrow  cylinder  standing  upon  n  wluV 

■face.     It  is  well  to  compare  it  with  di.-tilh  in  a  similar 

jseL     The  tax/'  and  odour  are  most  easily  detected  when  die 
heatad  to  30°— 35*  C. 

Before  commencing  the  quantitative  analysis,  it  U  necesn 
decide  whether  the  water  shall  1m?  filtered  or  not  before  an 
This  must  depend  on  the  purpose  for  which  the  exac 
undertaken.     As  n  general  rule,  if  the  Buspei  t«»  be 

determined,  the  water  should  ti 
organic  carbon  and  nitrogen,  nitrogen  as  ammonia,  and 
residue;    if   otherwise,  it  should   merely  l>e  shaken  np.     If  the 
I   matter  is  not  detennined,  the  appe  '   tin-  water, 

as   whether  it  is   clear   or   turbid,  should   be   noted.     Tliis  w 
conveniently  done  when  measuring  out  the  quantity  to  he  us 

timation  of  organic  carbon  and  nitrogen.     If  the  measuring 
Mask  be  held  between  the  eye  ami  a  goo  I  1   light,  but  with 

an  opaque  object,  such  as  a  window  bar,  in  the  line  draw 
the  eye  through   the  centre  of  tin  ; 

will  bo  seen  well  illuminated  on  a  dark  ground 

Water    derived   from  a  newly  sunk  well,  or  which    haj 
rendered  turbid  by  the.  introduction  of  innocuous  mineral   matter 

►orary  and  exceptional  cause  should  be  I 
the  suspended  matter  in  most  such  cases  need  not  be  d 
The    introduction  of   organic    matter  «»f   any  kind  would    I 
always  render  the  sample  aselesa. 

3.  Estimation  of  Nitrogen  as  Ammonia. —  1 

the  water  in  a  glass  cylindei  about  150  m.m.  high,  and  *>: 
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ity,  standing  upon  a  white  glazed  ttlfl  or  while  p 

mt  I  O.Q,  of  Nessler'a  solution  (a.  a),  stir  with  i  qoan 

I,  and  allow  [<>  stand  for  ■  minute  or  so.     It"  1 1 1  *  -  colour 

ma  i  ciooed  in  intensity  that  produced  when  0-1  cc. 

ride  (A.  j9)  is  added  to  60  cc.  ol 

t    free    from   ammonia  (A.  c),   ami   treated   in   tin*   saim*   way, 

If  a  liti-r  of  tin-  water  should  be  need  lor  tin*  eetunatunL     It 

[the  ilarkt-r,  a  projH.ati'tiKit'-ly  Mn:ilk*r  quantity  should  lx> 

EBB  ;  but  it  in  nr.t  convenient  to  use  lass  than  JO  Of  25  cc 

If  it  I  decided  tint  the  water  should  be  filtered  before 

Lysis,  ''an'  must  be  taken,  should  it  contain  only  i  small  quantity 
ammonia,  that  the  fitter  nop  from  ammonia.     If  it  is 

it  must  be  steeped  in  water  free  from  ammonia  for  a  day  of  so, 
ami  whoa  wed,  the  first  portion  "f  the  filtrate  rejected.     Wcukfag 
ili  watar,  even  if  many  tame*  anej  dry  mefli  i 

tan  n  large  quantity  of  ammonia  i*  pxesent,  aa  in  highly  |h»; 

in  the  filter  paper  may  be  neglected. 

ttity  of  suspended  matter  may  also  genarafly  bo 

■  I   with   safety,  even  if   the  water  is  to   be   filtered   ha 

Imating  organic  carbon  and  nitrogen  and  total  solid  matter 

he  water,  filtered  or  anrHlerad  bs  the  case  may  be,  ehonid   be 

•fully  measured  and  introduced  intoaca]  tort,  connected 

iduvrubber  joint  with  a  Lie  big's  condenser,  the  volume 

if  necoBfary,  made  op  to  about  400  cc  with  water  free  bun 

tonia.     Add  about  1  gm.  of  sodie  carbonate  (A.  y),  and  distil 

ft  applying  the  lamp  flame  directly  to  the  retort,  and  collect 

distillate  in  a  small  glass  cylinder,  such  as  is  described  al  i 

W3  50  «-.'•.  have  distilled  into  the  first  cylinder,  put  it 

and  Colli  id  50  cc,  and  as  noon  as  that  is  over  remove  the 

lamp,  and  add  tot]  I  distillate  about  1  cc.  of  Nessler'e 

ition,  .stir  with  a  clean  glass  roil,  anil  allow  to  stand   OO  a  white 

tile  or  sheet  of  |«i|k.t  for  five  minutes.     To  eatunatc  th  ■  ammonia 

i  similar  cylinder  as  much  of  the  standard 

ammonii'  chloride  solution  do  yon  judge  by  the  oolota  to  bo  present 

make  it  np  with  water  free  from  ammonia  t"  the 

olume,  and  treat  with  Nessler'e  solution  in  precisely  tike 

nding,  the  intensity  of  colour  in    the  two 

-  is  equal,  the  quantity  of  ammonia  is  also  squ  d,  and  this 

bwnmrn  the  trial  cylinder.     If  it  is  not  equal,  another  trial 

paade  with  a  greater  or  less  quantity  "f  ammouir  cihloTJflft. 

amnionic  chlnride  must  not  be  added   vflm  the    Naesler'a 

which  entirely  p*  i  i 
comparison.     If  the  aunnonia  in  the  second  dialallats  i 

itnlartl   amnionic  chloride,  the 

allati<  oded  with  any  farther,  but  if  otherwise, 

m  •,  must  I"'  distilled  and  tested  until  ammonia 

to  be   found.     If   the  ammonia   in   tin*  second    distillate 

unls  to  0  I  the  amnionic  chloride,  that  in  the 
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first  may  be  estimated  in  ti  I  at  if  the  bccou 

ter  quantity  ol  ammonia,  the  firsl  muatbexneaeu 
aliquot  part  taken  and  dilated  b 
ammonia,  as  it   is  likely  I 

(i  colour  ton  intense  U>  admit  uf  wwy  comparison.     A  colour  pn 
hy  more    thii  of  ammonu    -  hlorid 

employed.*     When,  aa  in  the 

known  t-  mt,  it  aavea  trouble  to  dieti 

100  c.r.  at  hut,  utd  .it  once  take  an  aliquot  part  "f  that,  a*  above 
ilescrihed.     Jf  the  liquid  spirts  in  distilling,  nrruu 
that  the  joint  between  the  retort  and  condenser  is  tin 
the    distillation  will  proceed    rather    more   slowly,  hut    anything 
earriad  up  i  ily  will  be  returned  to  the  retort     When  the 

ammonia  baa  been  i  -taunted  in  nil  the  distillates,  add  together  the 
tag  volumea  ol  anamonie  chloride  Bolution  ;  then,  if  500 
I      i    been  employed  fortheaxpi  the  number  of 

amnionic  chloride  used  divided  by  100  will  give  the  ■ 

amonia  in  100,000  parti  of  the  water;  if  let 
that,  buy  a  c.c.  hare  been  used,  multiply  the  volume  of  amnionic 
chloride  ojy  5  and  divide  by  //. 

Before  commencing  this  operation 
condense]    are    free  from  ammonia  by  distilling  a  littl 

or  distilled  watei  with  sodic  ■  ontO  the  dieti 

free    from  ammonia.     Remove  tin     reaiduc  then,  and    after  each 
estimation,  by  means  of  a  glass  syphon,  without  disconnecting  the 

11    i    mull  quantity  of  water  is  to  lie  distilled, 
or  part  of  it  from  a  previous  experiment  may  be  left  in 
instead  of  adding  water  free  from  ammonia,  i 
the  previous  distillation  was  continued  until  ammonia  ceased  to  b> 
evolved 

When  urea  is  present  the  evolution  of  ammonia  is  long  i 
owing  to  the  decomposition  of  the  urea.     In  Buch  cases, 
distillate   in  smaller   quantities,  and    as   soon  us  the    first   rapid 
diminution   in  the   amount  of  ammonia  has  ceased, 
remainder,  as  thin  would  be  due  almost  wholly  mpoaitioool 

the  urea. 

4.    Estimation  of  Organic  Carbon  and  Nitrogen. — This  should  be 
nommenci  I  us  soon  as  the  nitrogen  as  ammonia  has  been  detci 
If  that  is  leas  than  005  part  per  100,000,  a  liter  should  be 
if  mote    than  0*05,  and  less   than   0*2,  half  u  liter  ,  if 

ui    1*0,  a  quartei   of   a   liter;    if  m   H), 

a  hundred  cc  or  less.     These  quantities  ore  given  as  a  guide  in 
drilling  with  ordinary  wate  e,  but  sub,  :iati"ii 

in   <\>    ptional  i  A  quantity  which  is  too  1  mid  bo 

*  In  order  to  inauroabeolnte  accuracy  in  Ne»*k-ri*intf  it  ianecosamry  that  tbedUfcflUte 
•honld  1*  of  the  umr  t<*i»i>#rat  lire  as  the  standard  liquid  made  by  miiii 
chloride  *iih  distilled  water.    Hasten  and  Clark  |Jm«r.  Chtn.  Jo»r.  xU.  425)  tvaaA 
tbat  tbe  water  Neoalerixed  from  a  metal  condenser.  Immediately  after  collection,  fat* 
a  lower  figure  than  when  tbe  two  ljuuida  were  allowed  to  aaeuinr  tbe  nme  tempeninra 
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!         trouble   in   evaporation,    and  in 
inconveniently  bulky  residue  and  resulting  gas.      If  it  i>  to  be 
Itered  boi  ie  precaution  as  t«>  filter  paper  must 

i  us  for  estimation  of  nitrogen  as  ammonia,  tin*  soma  tiller 
kg  gem-rally  Used. 

wing  measured  the  quantity  to  be  used,  add  t<»  it  in  a  capacious 
ik  1C  tion  of  Bulphuroua  acid  (b.  /3),  and  boil 

briskly  for  a  few  seconds,  In  order  t<>  decompose  the  carl 

its  to  dryness  in  ■  hemispherical  glass  dish,  about 

a  lip,  supported  in 

dish  with  m  flange  (fig.  iQde).     Ths  flange  has  a  diao 

about  14  centimeters,  is  sloped  slightly  towards  the  centrej  and 

a  rim  i»f  about  B  m.ia.  turned  up  on  its  edge,  except  at  one 

at,  where  a  small  lip  u  provided.    Wu  portion  fa  made 

tit  the  OOntOUX  of   the  OUtslde  of  ths  glass  dishes,  and  is  of  such 

depth  as  to  allow  the  edge  of  the  dish  to  rise  almut  15  uliq. 

nra  tin-  flange.    Tin-  diameter  of  the  concavity  at/  is  about 

in. in.,  and  i  in-  depth  at  g  about  SO  nun,     A  thin  glass  shade, 

as  is  u*>-k\  to  protect  statuettes,  about  30  centimeters  high, 

a  the  flange  of  the  copper  dish,  it-s  diameter  being  mi 

fit  without  difficulty  on  the  flange,  and  leave  a  sufficient 

d  its  interior  surface  and  the  edged!  tl«- glass  disli.    The 

■iier  dish  in  supported    CD  B  steam    or  water  hath,  and    the  water 

•"rates  is  condensed  on  the  interior  of  the  gL  .  runs 

ra  rata  the  copper  dish,  filling  the  space  between  it.  and  tin- 
dish,  and  then  passes  off  by  the  lip  at  the  edge  *»f  the  flange, 
if  tape  held  by  the  edge  »<f  the  ghss  shade,  and  hanging 
r  the  lip,  guiding  it  into  a  vessel  placed  t«i  receive  it. 
rVe  me  indebted  to  Bischof  for  an  iiuproveil  apparatus*  for 
|H.ra:i«.n,  which  by  keeping  the  dish  always  full  by  u  self-acting 

i  t"  proceed  without  attention 

the  night,  and  thus  greatly  reduces   the   time   required, 
us  form  of  apparatus  is  shown  in  tig.  46.    The  gmas  tin  i 
aepported  by  a  copper  dish  s  as  described  above,  and  resting  on 

tin-    latt.-r  Lfl  a   ttOtlt  copper  ring/*  which  II  slightly  COnJCfll,  being 

1 10  in.  in.  in  diameter  at  the  top  and  130  at  the  bottom.    At  the  top 
narrow  flange  of  about  10  iu.ni.  with  a  vertical  rim  of  about 
i.iu.     The  diameter  across  this  flange  imeai  the  dims 

dish  o,  so  that  the  glass  shade  ;'  will  tit.  securely  either  on  h 

The  height  of  the  conical  ring  is  about  *0  man. 
lie  automatic  supply  is  accomplished  on  the  well-known  prin- 
"f  the  bird  fountain,  by  means  of  a  delivery  tube  &,  th< 
which  is  enlarged  to  receive  the  neck  "F  the  flask  a  i 

rater  t<»  1«  d,  the  joint  being  carefully  ground 

■  be  water-tight     The  upper  vertical  part  "f  o,  including 

enlargement^  is  about  ISO  m.m.  in  length,  and  the  sloping  part 

•uL  260  m.m.  with  a  diameter  of    13   m.m.     The   lower  and 

ich  goes  into  the  dish  is  again  vertical  for  about  85  m.m.,  and 

c  c 
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carries  a  side  tube  r  of  about  3  m.m.  internal  diameter,  by  which 
air  enters  the  delivery  tube  whenever  the  level  of  the  water  in  the 
dish  falls  below  the  point  at  which  the  side  tube  joins  the  delivery 
tube.  The  distance  from  this  point  to  the  end  of  the  tube  which 
rests  on  the  bottom  of  the  dish  at  </,  and  is  there  somewhat  con- 
stricted, is  about  30  m.m.  The  side  tube  c  should  not  be  attached 
on  the  side  next  the  flask,  as  if  so  the  inclined  part  of  b  passes 
over   its  mouth  and   renders   it  very  difficult  to  clean.      Mills 


Kig.  47. 


Fig.  46. 


prevents  circulation  of  liquid  in  the  sloping  part  of  the  tube  by 
bending  it  into  a  slightly  undulating  form,  so  that  permanent 
bubbles  of  air  are  caught  and  detained  at  two  {K>ints  in  it.  The 
flask  a  should  hold  about  1200  c.c.  and  have  a  rather  narrow  neck 
— about  20  man. — and  a  flat  bottom.  A  small  slot  is  cut  in  the 
Tipper  edge  of  the  copper  ring  h  to  accommodate  the  delivery  tube, 
as  shown  in  fig.  47.  Its  size  and  shape  should  be  such  that  the 
tube  does   not  touch   the  edge   of   the  glass  shade  i,  lest  water 


NATURAL   WATERS    AXI>    SKWAGE. 


587 


Jngdown  the  inner  surface  dJ  tli  way 

ii  tin*  outside  of  the  deliver)  tube  into  the  dish.    This  b 
the  njiening  should  b  1  to  the  sise  of  the 

11  be.     The  copper  dish  I  should  rest  oi 
bath,  bo  thai  <>nl>   the  iphexfonl  port  ti  axposBd  t«»  the 

dition  of  the  15  cc  "t  wdd,  the  water 

be  boiled  in  the  flask  a,  M  in  anothai  seiona 

1    then  transferred  to  a.     It  should   be  allowed   to  ooofl 
before  the  delivery  tube  is  adjusted,  sthenrise  the  joint  between 

ttwo  is  liable  to  become  loose  by  expansion  of  the  cold  - 
the  deliver;  tftez  being  placed  ever   the   hoi   nealk  of 

Bask. 
'  dish  having  been  placed  on  the  copper  dish  s,  ths 

icnJ  riii^  h  Is  fitted  on,  and  the  flask  with  tin*  delivery  tube 
rted,  as  shown  in  fig.  46,  a,  b.    This  should  not  be 
done  t,i>u  hurriedly,  and  with  -i  tittle  oars  there  is  no  risk  oi  loss. 
:  apported  eith  rl      il  rge  wooden  filtering  stand,  the 

>>f  whieh  has  had  a  slot  mil  in  it  bo  allow  the  neck  of  the  flash 
tamp  applied  to  the  upper  end  of  the  delivery 
where  the  neck  of  the  flask  fits  in.     The  doHvory  tube  having 
plaoad  in  the  slot,  made  to  receive  it,  the  glass  shade  is  fitted 
i  allowed  I  L     When  all  the  water 

passed  from  the  flask  into  the  dish,  the  flunk  mid  delivery  tube. 
;l  ring  h  may  b  i,  and  the  glass  shade  placed 

m  the  dish  ■  until  the  evaporation  is  complete*     If  the 

quantity  of  nitrates,  two  or 
of  chloride  of  iron  <b.  \)  ahonld  be  added  to  the  iii>t 
dishful;  and  if  it  contains  tittle  or  no  carbonate,  one  ox  t- 
•  ■I'  hydi  ulphlte  (b.  y).    The  former  facilitates  the  destrac- 

ti'in  of  Ditratea  and  nitrites,  and  the  tatter  famishes  ban  tot  the 
sulphuric  acid  produced  1>>  oxidation  of  the  sulphnroxa  aeJd,  and 
which  would,  if  free,  decompose  the  organic  matter  when  ooncan 
iii-'ii.  An  estimate  <>f  the  quantity  of  aarborrate 
■nt,  Buftii  urate  for  this  purpose,  may   generally  be 

i  ■  quantity  of   precipitate  thrown  down  on 
■  ••lir  carbonate   in  the  determination  of   nitrogw 
totda. 

ages  and  very  impure  waters  (containing  upwards  of  O'l 
of  nitrogen  as  ommonin  \»-\  100,000  for  example)  such  great 
hordlj  and  the  quantity  t->  evaporate  being 

!,  the  evaporation  may  be  cond 

i  a  steam  bath,  and  covered  with  t  drum  « -r  «1  is**  of  filter 
•r  mode  ''intf  the  paper  by  means  of  two  hoops  of  li^ht 

her,  tli<"  |i!i|mt  being  between  them, 

way  often  is.     This  protects  the 

of  ill"  ilisli   from  dust,  mid   also,  to  a  great  extent,  from 

in  whirh  umy  h<>  in  tl  which  would  impair 

i    i    _' 
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Is  n  gin 

of    l>iv;ilvill'.  Oil   of    «'<//./   waif. 

the  water  being  evaporated  in  tin's  or  in  the  first  il 

■ 
60"  or  70"  C,  and  should   be  q  rated  ttch-glaaa.    Thai 

t    in-«'"ss;ir\     w  lii-ii    I'ih<  hi'f'rt    ap] 
If,  at  any  time,  tin  in  the  H 

sulphui  more  should  In*  added.     The  preliminary  boiling 

■  omitted  when   ]*-^k   than   250  ■■.-.  Whan  Ibo 

•i  as  nitrates  and   oi  0*5   part,  the 

th«-  ovaporation  hoi  been  carried  to  <  Iryness,  should   be  GIL 
distilled   water  containing  ten  |»er  cent  of  saturated 
acid  solution,  ind  the  era]  If   I 

■  i,  a  quarter  of  a  litor  <<f  thi  dd  h>* 

evaporated  on  the  residue1  if  2*0  parts,  half  a  liter;  ami  if  5  jsirt^. 
If  1«*>*  than  ;i  liter  has  been  evafiorated,  a  pn  ■ 
uillci*  volume  of  this  solution  may  be  usexL     The  eatunal 
nitrates  and  nitrites  will  usually  be  accomplished 
of  tin1  evaporation  is  reached. 
M.  VV.  Williams  proposes  t->  avoid  the  use  "f  sulphi 
with   iU*   acknowledged  disadvantages   and   'I  \    rem  ovine; 

the   aitrie   and    nitrous   acids   with   the    rfn 
converting  them  into  ammonia,     If  the  amount  i.s  large,  iiistwsl 
distilled  from  a  retort  into  woalc  arid  ;    if   small. 
Nessler  till"-.     The  amount  so  found  i  ■     ;        1   into   u 

as  nitrates  and  nitrites,  if  the  latter  are  found  in  the  water,     Tho 
residue,  when    free   from   ammonia  is   furth  titrated,  tha 

separated    coj  ro-dissolved    in    phosphoric   or 

acid,    in   just    sufficient   quantity,   then 

for  evaporation  to  dryiu  l"r  conih 

(j,  a  a  ism.  in). 

In  the  case  of  sewage,  however,  it  is  advisable  t->  cmplo) 
mctaphosphate  in  the  plnre  of  sulphurous,  ncid,    i 
phosphate  is  oven  Less  volatile  than  the  sulphite.     Th 
hf  employed   for  sewage  anil  similar  liquids,  which  are   bee  from 
nitrates  and  nitrites.     To  the  measured  quantity  of  liquid  t<>  bs 
evaporated  add,  in  the  glass  dish.  ID  i  ■■   «if  the  hydric  luel 
phatu  (B.  /j),  and,  in  order  to  render  the  more  row 

to  detach  from  the  dish,  nlxmt  half  a  gram  of  i 
(B.  r),  and   proceed  as  usual     No  chloride  "f  iron,  BulpbuTom 
acid,   or   iodic   sulphite  is   required;   nor  is  it  necessary   I 
moncing  the  gvapotatioD. 

The   next   operation    is   the  combustion  "i  Tl»" 

combustion  tube  should  be  of  hod,  difficultly  fusible  glass, 
an  internal  diameter  of  about  10  m.m.     Cut  it  in  |i  -  about 

430  m. ui.,  and  heat  one  end  «»f  eoch  in  the  blowpipe  Ban 
tin*  edge.     Wash  well  with  water,  brushing  the  interii  i 
with  a  tube  brush  introdui  the  cud  *fl 
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ronnde  I  with  distilled  water,  and  dry  b  on  oven,     When 

.  draw  off  and  dose,  at  the  blowpipe,  the  end  whose  edge  luw 

harp.     The  tube  i^  then  ready  for  i 
'our  on  to  the  perfectly  diy  residue  in  the  glass  dish,  standing 
set  of  white  glased  paper,  n  little  of  the  Bne  cupric  oxid 
■  1  with  tin  .ii«l  of  n  small  elastic  steel  sj  m  tula  (about  100 
i.  Long  and  15  m.m.  wide)  carefully  detach  the  residue  hon 

twn  wiili  tin  cupric  oxide.    The  spatula  readily 

anmodates  itself  to  the  curvature  of  the  dish,  and  effectually 

When  the  contents  of  the  diah  are  burly 

ted,  till  about  30  m.iti.  <>f  the  length  of  the  combustion  tube 

nnlated  cupric  oxide  (b.  «),  and  transfer  the  mixture  in  the 

:i  t"  tin-  tube.    This  u  done  in  ti  way  by  a  scooping 

i  I  of  the  tubs  in  the  disli,  the  last  portiona  being 

>rred  by  tin*  help  of  a  I  or  q  piece  <>f  clean  and  - 

platinum  foiL     Rinse  the  dish  twice  with  a  little  fine  cupric  oxide, 

rubbing  it  well  round  each  time  with  the  spatula,  and  transfer  to 

i  '        \n\  paxticks  scattered  on  the  papet  o 

be  put  in.    Fill  up  to  a  distance  *-f  270  nun.  from  the  closed 

cupric  oxide,  put  in  a  i  j  Linder  "f  tnel  dlic  copper 

i-l  then  again  20  ni.in.  of  granulai  oupri       ide.    Tin's  hut 

oxidise  any  traces  of  carbonic  oxide  which  might  be  formed 

ionic  anhydride  by  the  reducing  action  of  iron  ox  other 

rarity  in  the  metallic  copper.     Now  draw  out  the  end  of  th< 

so  iw  to  form   ;i   Deck    about   100  num.  long  Bttd   4  m.m.  in 

aeter,  fust-  the  end  -if  this  t"  avoid  injury  t<>  the  India-rubber 

lector,  and  bend  it  at  righl  anglea.     It  is  now  ready  t<>  be 

Dibustion  furnace  and  attached  to  the  Bpre 

Sip, 
he  moel  convenient  form  of  thia  instrument  for  the  purp      i 
rn  in  ti^'.  is.    The  glass  funnel  a  is  kept  supplied  with  mercury, 
by  d  caoutchouc  joint  with  a  long  murow  glass 
which  passes  down  nearly  t-i  the  bottom  of  a  widei  tubas* 
i  m.m.  long,  snd  10  num.  in  interna]  diameter.     Tin-  upper  end 
of  ''  nted  into  the  throat  of  a  glass  funnel  t  from  which 

thi   Daoh  has  be<  >  removed,      \  screw  clamp  b  regnlatea  the  Bow  of 
jury  down  tin*  narrow  tube.     A  piece  nf  ntitinarv  ^lass  tube/;/, 
[t  6  m.m.  in  diameter  and  600  m.m.  in  length,  is  attached  at ;/ 
■nit  6  m.m.  in  diameter,  1500  m.m.  long,  with  B 
1    m.m.     This  is  bent  sharply  on  itself  al  ft,  the  part  h  ft 
"0  m.m.  long,  and  the  two  limbs  are  firmly  Lashed  together 
per  wire  al  two  points,  the  tubes  being  preserved  from 
:  ratchouc  tube.     The  end  /.  is  recurved 
At  the  top  <-f  th"  bend  at  /',  a  piece  of 
i  120  m.m.  long,  and  ">  num.  in  diameter,  is 
rhe  whol  I   i  'iin  a]  position  bj  a  loose 

ide,  near  il  irt,  tlie  wholeof  its  weight  resting 

o  that  it  la  comparatively  free  t<>  move,     It  i* 
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connected  at/  with  the  lower  end  of  dt  by  means  of  a  piece  of  caout- 
chouc tul>e  covered  with  tape,  and  furnished  with  a  screw  clamp  e. 
At  I  it  is  connected  with  the  combustion  tube  ot  by  the  connecting 


Tig.  48. 

tube  /  m  w,  which  is  made  of  tube  similar  to  that  used  for  h  l\  A 
cork  slides  on  h  /,  which  is  fitted  into  the  lower  end  of  a  short 
piece  of  tube  of  a  width  sufficient  to  pass  easily  over  the  caoutchouc 
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joint  connecting  the  tubes  at  /.     After  the  joint  has  bean  un 

idi  of  th-'  tabes  just  touching)  and  bound  with  win*,  the 

■ad  wide  tulw  an  pushed  over,  it  ami  Klled  with  gly oerine. 

joint  at  n  is  of  exactly  the  bubo  kind,  luit  aa  it  baa  bo  be  fiv- 

•utly  disconnected,  water  ia  need  instead  of  glycerine,  and  the 

not  bound  on  to  tfa  tion  tube  with  won.    It 

Men  that  the  joint  at  /  is  {introduced  chiefly  bo  give  nVxi- 

'y  to  tin-  apparatus.     At  w  is  ;i  small  bulb  blown  on  the  tube 

f»»r  the  ;  t   receiving  water  produced  in  the  combustion. 

Xiii^  ia  immersed  in  a  small  water  trough .».     The  lobe  h  /  standi  in 

a  mercury  trough  p,  which  la  shown  in  plan  on  a  lar.:  at  B. 

This  though  should  be  cut  out  of  a  solid  piece  of  mahogany,  as  it 

is  extremely  difficult  tt»  make  joints  to  resist  the  pressure  of  suoh  a 

i  rcury.     It  is  200  nun.  long  1">*r>  '"■"1-  w*d*i  and  100 

in. in.  deepi  outside  measurement,    13m  edge  r  i  i*  13  nun.  wide, 

and  th-'  shelf  a  68  nun.  wide,  174  nun.  l"n^,  and  50  nun.  deep 

p  ol  the  trough.    The  channel 1  ia  26  man.  with-,  and 

nun.  deep,  having  at  one  end  a  circular  well  w,  42  nun.  in 

diameter,  and  90  nun.  deep.    Tin-  reoeeeea  u  u  arc t<>  receive  the 

ends  of  twoSprengel  pumps.    They  are  Bach  40  nun.  long  BIS  nun. 

wide,  and  of  tlir  aame  depth  as  the  channel  t.     A  abort  iron  win*  r, 

turning;  on  a  small  staple-,  and  lasting  at  the  other  and  against  an 

iron    pin,    at*  08B   each   of    these,   and    serves   as   a   kind 

of   gate  u>  support   the   test   tube,  in  which  the  gaa  delivered 

liy  the  pump  ia  collected.     The  trough   stands  upon  four  legs, 

nun.  high,  and  ia  provided  at  the  side  with  ■  tube  and  screw 

mp  ji  by  which  the  mi  rcury  may  ho  drawn  off  to  the  level  of 

melf  *. 

combustion  tube  being  placed  in  the  furnace,  protected  from 

the  direct  action  "f  the  flame  by  a  sheet-iron  tough  lined  with 

.  and  the  water  joint  at  n  adjusted,  the  gaa  is  lighted  at 

i'   part  of  fnrnaoe  so  as  to  heat  the  whole  of  the  metallic 

tar  and  part  "f  the  cupric  oxide     A  small  screen  of  sheet 

i>  adjusted  astride  of   the  combustion  tube  to  protect  the 

pari  the  point  up  to  which  the  gaa  ia  burning  from  the 

At  the  same  time  a  stream  of  mereun  is  allowed  to  How  from  the 

I  ff,  which  nils  the  tubes  d  and  /  until  it  reft  bee  A,  when  it 

fall-  in  o  Bcries  of  pellets  down  the  narrow  tube  //  /.',  each  can 
before  it  a  quantity  «»f  air  drawn  from  the  combustion  tub  Tin* 
of  mercury  must  be  controlled  by  means  of  the  damps  b  and  8, 
not  to  be  too  rapid  t<>  admit  of  the  formation  of  these  separate 
■  especially,  caw  should  be  taken  not  to  permit  it  to  go 
il  into  the  connecting  tabs  I  m  //.  aa  it  cannot  In* 
thence  except  by  disconnecting  the  tube.  During  the 
trough  s  is  tilled  with  hot  water  to  expel  from  the 
mlb  m  any  watei  I  from  a  previous  operation.     In  about 

en  minutes  the  d  11  fall  in  the  tube  A  k  with  a  loud,  sharp! 
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•  licking  sound,  showing  thai  the  vnctmn  .\~  - 

aura,  the  pomp  ma;  ' 
.1  nvi-r  toe  •!- dj  if  tho  tub)  /,  .'(.M  Wftttt  sulntil 


.  A. 

for  hoi  in  the  trough  <\  tit-1 

■  tied  with  in  the  usual  way.     This  will  take  from  G 
minutes.      As  soon  as  the  wliolnuf  tin-  tuV  is  heat) 


s  < 
pro 


1  "tf,  and  the  tube  immediately  exhausted,  I 

fared  to  Que  tube  placed  bo  receive  tbern. 
When  the  exhaustion  is  complete,  the  tail  tube  "f  pis  may  be 
mored  ha  ■  small  beaker,  end  transferred  bo  the  gas  analysis 

i\  08. 

This  gas  ooUected  consists  oi  anhydride,  nitric  i 

.  and  (v» iv  rank  |  oxide,  which  can  readily  be 

unrated  and  oatunated  by  the  ordinary  metl  lalyaia. 

i  in  .1    with    tli.-    apparatus    'l«s«riln.'«l    in 

irt  Vl\.,  oi  tin-  siiu|*U*r  form,  shown  in  tin-  aocmnponying  diagram, 

blah,  whilst  it.  d  permit  of  analysts  by  exploaion,  leaves 

thing  t"  1"'  deeired  for  tlna  particular  operation.     It  ta  essentially 

■  I   by   Franklend  (J.   r   8.   p]  vi  109),  but  is 

htlv  modi  fled  ia  arrangement.      In  the  aiagmm,  a  c  d  is  n 

Lue,  of  which  tin*  cylindrical  portion  a  is  370  m.ni. 

ng,  and   }><  mm.   in  internal   diameter,  Hi"  part  e  40  num.  Long, 

<l  7  m. m.  in  diameter, and  the  part  d  175  hlhi.  lnny,  and  2*5  m.iu. 

diameti  r,     To  tl>-  upper  end  ->f  -/  a  tube,  with  a  capillary 

k  ft  is  attached,  and  berrf  at  righ.1  Allowing 

0  dliii.  for  each  of  the  conical  portions  at  the  joints  between  a 

BDd  C,  and  C  and  "',  ami  26  m.m.  for  the  vertical  jmrt"f  tli'-  <: I 

tube,  tli>:  vertical  measurement  oi  tin-  entire  babe  ia  660  m.m. 

■1  carefully  from  below  upward,  at  Intervals  of  10  m.m., 

tg  about  100  m.m.  from  the  end,  as  abont  that  Length 

it  is  hidden  by  ita  support,  and   therefore  unavailable,      Tin- 

'   10  m.m,  of  //  should  be  divided  into  single  ruillim 

t  tlu*  Eras  and  >»f  the  capillary  tube  a  small  steel  rap,  shown  in 

cemented  gas-tight.     Tin*  lower  end  of  a  ia  drawn  out 


I ?<J 


Fig.  50. 


diameter  of  5  m.m.     The  tube  h  is  about  12  meter  Long  and 
m.m.  internal  «l!  drawn  out  lib  lower  end, and 

raduated  in  millimeters  from  below  upward,  the  lero  being  about 
m.m-  from  the  and.*    Tin-  tubes  a  e  d  and  6  paaa  through  a 
toutchouc  stopper  <»,  which  tits  into  the  lower  end  of  a  glass 
'Under  »  >/,  intended  to  contain  water  to  give  a  definite  tempenv 

Tlit'  zeros  <>f  the  graduations  shoidd 
out  10  m.iii.  above  this   stopper.     Immediately   below  this 
■iily  clasped  by  the  wooden  clamp/?  (shown  in  and 


The  graduation  is  not  shown  In  the  diftffnun. 
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elevation  and  plan  at  fig.  49  B,  C)t  the  two  parte  of  which  are 
ilrawn  together  by  screws,  the  tubes  being  protected  from  injury  by 
a  piece  of  caoutchouc  tube  fitted  over  each.  The  clamp  is  supported 
on  an  upright  piece  of  wood,  screwed  firmly  to  the  base  A.  If  the 
stopper  o  is  carefully  fitted,  and  the  tubes  tightly  clamped,  no 
other  support  than  j?  will  be  necessary.  The  tubes  below  the  clamp 
are  connected  by  joints  of  caoutchouc  covered  with  tape,  and 
strongly  bound  with  wire,  to  the  vertical  legs  of  the  union  piece  q, 
to  the  horizontal  leg  of  which  is  attached  a  long  caoutchouc  tube 
of  about  2  m.m.  internal  diameter,  which  passes  to  the  glass  reser- 
voir t.  This  tube  must  be  covered  with  strong  tape,  or  (less 
conveniently)  have  a  lining  of  canvas  between  two  layers  of  caout- 
chouc, as  it  will  be  exposed  to  considerable  pressure.  In  its  course 
it  passes  through  the  double  screw  steel  pinch-cock  r,  the  lower  bar 
of  which  is  fixed  to  the  side  of  the  clamp  p.  It  is  essential  that 
the  screws  of  the  pinch-cock  should  have  smooth  collars  like  that 
shown  in  fig.  50  A,  and  that  the  upper  surface  of  the  upper  bar 
of  the  pinch-cock  should  be  quite  flat,  the  surfaces  between  which 
the  tube  is  passed  being  cylindrical. 

Frankland  has  introduced  a  form  of  joint  by  which  the  steel 
caps  and  clamp  are  dispensed  with.  The  capillary  tube  at  the 
upper  end  of  a  c  d  is  expanded  into  a  small  cup  or  funnel,  and 
the  capillary  tube  of  the  laboratory  vessel  bent  twice  at  right 
angles,  the  end  being  drawn  out  in  a  conical  form  to  fit  into  the 
neck  of  the  above-named  cup.  The  opposed  surfaces  are  fitted 
by  grinding  or  by  covering  the  conical  end  of  the  laboratory 
vessel  with  thin  sheet  caoutchouc.  The  joint  is  kept  tight  by 
an  elastic  band  attached  at  one  end  to  the  stand,  and  at  the  other 
to  a  hook  on  the  horizontal  tube  of  the  laboratory  vessel,  and  the 
cup  is  filled  with  merauy* 

In  the  base  A  is  fixed  a  stout  iron  rod,  1*4  meter  long,  with 


p 

E 

I 

fj 

Fig.  51.  Fig.  52. 

a  short  horizontal  arm  at  its  upper  end,  containing  two  grooved 
pulleys.  The  reservoir  t  is  suspended  by  a  cord  passing  over  these 
pulleys,  and  attached  to  an  eye  u  in  the  iron  rod,  the  length  of  the 
cord  being  such  that,  when  at  full  stretch,  the  bottom  of  the 
reservoir  is  level  with  the  bottom  of  the  clamp  }>.  A  loop  is  made 
on  the  cord,  which  can  be  secured  by  a  hook  v  on  the  rod,  so  that 
when  thus  suspended,  the  bottom  of  /  is  about  100  m.m.  above  the 
stop-cock  /.      A  stout   elastic  band   fitted  round  t  at  its  largest 
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be  usefully  u  a  fenden  U  from  an 

nisi  tin*  Iron  rod.     A  thennomel  oded  by  i  wire 

ook  from  tin*  edge  <>f  the  cylinder  n  //,  gives  the  temperetorc  "t 

In    contained    water,    fifae    uniformity    of    whirl)    may    be    insured 

kruely  neeeaeBiy)  by  jNissiiu;  a  alow  euocoaaion  <<l 
rubbles  of  air  through  it,  or  by  moving  np  and  down  in  it  a  wire 

with  it       i  i.L  inti>  tin-   Conn  Oi  I  ting,      The  jar  /.■  is  <:iI].m1    the 

■],  and  is  100  111.111.  high,  and  .38  num.  in  interna] 

■met  l-illarv  Uihe,  >;la3s  stop-Co.  I  p  >/'  h 

f  *i.     The  mercury  trough  /  is  ghuwu  in  li^s,  51  nn«I 
i'J.     It  is  of  solid  mail  num.  long,  80  m.ni.  broad,  and 

m. in.  deeps ,,;  mrement     The  rim  a  3d  a  U  8  man. 

tread,  and  LB  nun.  deep.    Tin-  excavation  h  is  *2.*i0  m.m.  long 

broad,  and  '»-"■  m.m.  deep,  with  a  circular  cavity  torei 

te  laboratory  venae]  sunk  at  one  end,  46*  m.m.  in  ammeter,  and 

fO  m.m.  in  depth  below  the  top  of  the  excavation,     Two  small 

indentation*  ■■  o  (fig.  52)  near  the  other  end  aooommodate 

eapaula  for  tranaforring  to  the  trough  tubes  containing  gaa,    This 

rests  ii|k>ii  it  telescope  table,  which  can  be  fixed  at  any 

i  screw,  and  is  supported  on  three  mat     It 

tnged,  so  i  i  the  laborator]  vessel  is  in  it-s  place 

a  the  trough,  the  two  steel  cape  snotty  oorraspond  Gaee  to  face. 

The  difference  of  level  of  the  m.  rear)  in  the  tabes  />  and  u  i  d, 

tkm,  when  both  am  freely  open  to  the  air, 

trtnined  by  taking  Beveral  oarefn]  obeuivatlona,     This 

ill  be  different  for  each  of  the  porklona  "  **  and  a*,  and  must  be 

dad  to  or  deduoted  from  the  observed  [ii— wine,  nw  llm  mummy 

•hen  thi  !  tubes  to  the  atmoapheric  pi 

in  a  t:  or  d  above    i    below  that  in  b.    This  correction  wiO 

iclude  (uao  any  ;:  be  neeasaafy  f"r  difference  of  !■■ 

it  aaroB  of  the  graduations  of  the  two  taboo,  ami,  if  the  relative 

dtiopa  «»f  these  be  altered,  it  musi  be  redetermined     A  small 

[ie,  sliding  on  n  vertical  roil,  should  bo  used  in  the—  and  all 

utlie?  readings  of  the  levol  of  mercury. 

Tin   ■  ing  till-'  a  -   d  at  each  ■  I 

tennined.    This  is  readily  done  by  first  filling  the 

whole  apparatus  with  mercury,  *■>  that  it  drips  bom  the  eap  •/- 

Tin*  stop-Dock /  is  then  closed,  a  piece  of  caoutchouc  tube  slipped 

ir  i  ind   attached  to  a  funnel  supplied  with  distilled 

rvoir  t  being  lowered,  the  i  lamp  r  and  the  stop- 

/  are  opened,  SO  that  the   mercury   returns  to  the   reservoir, 

ttering  through  the  capillary  tube.     Am  soon  m  it  is  below 

ii  aero  of  the  gradu  itio  bop-cock  /  is  <  losed,  the  funnel  and 

■He  tube  removed  from  the  ■  the  face  of  the.  last 

that   water  may  pans  ova  it  without 

thering;     Now  raisethori  top-cock /,  and  nUou 

■  Bow  gently  out  until  the  top  of  thi  oonvex  surface  of 

ieur\  in  a  just  coincides  with  the  eem  of  the  graduation. 
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;  it  p 

hi  the  a ■>■  .  and  prow  ed  with 

water,  collecting  itaa  it  drops  from  - 
weighed  glaaa  Bank.    When  the  mercury  has 

he  Bow  "f  water,  and  weigh  the  flask.     Th< 
winch  was  contained  between  ih<  :   100  on 

11  then  known,  and  if  the  temp  ighl  m 

grams  will  nproan  the  rapacity  of  that  jmrt  «»f  the   tube  u 
centimetere.     If  the  temperature  be  other  than  I 
must  be  calculated  by  the  aid  of  the  co-erneienl 
water  by  heat     In  ;i  similar  way  the 
tnocee  [nations  about    100  in. in.  aparl 

but  detennination  in  a  being  at  the  highest,  and  the  first  in  t  at 

nation  on  the  cylindricaJ  part  oi  each  tab 
till)**   between  these  points  ami   aiii 
.-.,  distorted  hj  I  blower  that  ol 

be  made.    Tin*  capacity  at   a  sufficient   number  of   point*  being 

i&ined,  that  at  each  of  1 1  »c ■  ii.  graduations  may  1*« 

calculated,  and  a  table  arranged  with  tin  market  1 

each  graduation.      As  the  calculations  in  the  ana. 

logarithms,  it  U  convenient  to  enter  on  thi 

[una  of  the  capacities  instead  of  the  natural  numl 
In  using  tin    .  ■    stop-cocks  on  the 

and  laboratory  vessel  should  be  slightly  greased  with 

erate  ami  nil,  or  ■  .  the  whnl 

with  mercury,  and  th<  ■    ;  place  thi 

in  poaition  in  the  mercury  trough,  and  suck  out  • 
This  is  readily  and  rapidly  done  by  the  aid  "f  a  short  pi 
caoutchouc  tube,  placed  in  tin1  vessel  jut  I  is  put  into  the 

mercory  trough,  ami  drawn  away  moral, 

Suck  i  ii  mall  bubbt  pillorj 

tube,  and  as  mum  as  the  vessel  is  entirely  free  from  air  el 
stop-oock.  Slightly  grease  the  faces  of  both  cups  with  reeii 
(to  which  a  little  oil  should  be  added  if  -,  ■  ip  then 

tightly  together.     On  opening  both  stop-rack 
freely  through  the  capillary  communication  nd  the 

whole  should  be  quite 

all  in  good  order,  clone  the  stop-cock  hy  and  lower  the  n 
its  lowest,  position  ;  the  joints  and  stopcocks  w  ill  thus  U 
to  a  pressure  of  nearly  half  an  atmospln  would 

sjK'edily  l>e  detected.     If  all  be  right,  reston  rvoir  to  iu 

upper  position. 

Transfer    the    tinV    containing    the   gas  to   he   anah 
ordinary  porcelain  mercury  trough  the  beaker  in  which 

l«'i'ii  standing  i  ill   porcelain  i  apsuli 

to  the  mercury  trough  /,  the  capsule  finding  ample  room  wr* 
ideued  by  the  noons  I >. 
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the  lulxmitMiv  VtWBel)  ami  add  a  drop 
or  two  of  potaaaic  biohronmfa  solution  (b.  */)  from  n  small  pipette 
witli  a  bent  capillary  delivery  tube,  to  ascertain  if  the  nan  contains 
aJphuroua    anhydride.      If    so,   the    yellow    solution    will 
inuned  omo  green  from  the  formation  of  a  chromic  salt, 

and  the  gaa  must,  l»-  allowed  to  stand  over  the  ehramote  f««r  fiooror 

five  minutes,  i  little  nun f  ti  Ided  if  nee 

ib  absorption  may  be  gn  1  by  gently  shaking  from 

the  stand  i>n  which  the  mercury  I  te,  as  aa  t«> 

wan  the  solution  to  yet  tin-  sides  of  the  vessel.    With  can  this 
done  without  ■  the  apparatus,     nCereary  should  be 

lowed  to  pass  slowly  into  the  laboratory  veaael  daring  the  whom 
the  drops  falling  lead  to  maintain  a  circulation  bote:  in 
e  gas  and  in  the  abeorbing  Liquid.     Tin-  absence  of  sulphurous 
[hydride  being  osoartained,  both  stop^eoeks  axe  aet  fully  open,  the 
aervoir  /  lowered,  and  the  gas  transferred  to  the  measuring  tul*\ 
ip-enck  h  should  be  closed  aa  aoan  as  the  liquid  from  the 
iv  vessel  is  within  about  10  m.m.  of  it.     Tlie  bore  of  the 
i  flue,  that  tin-  quantity  of  gas  contained  in  it  is 
11  po  affect  the  result.     Next  bring  the  top  of  thi 

i  through  the  teleeoo] sactlj  to  coincide  with  one 

ei  the  graduations  on  the  measuring  tnbe,  the  paaaage  ol  mercury 

controlled  by  the  ranch 
ate  the  position  <-f  tho  mercury  in  the  measuring  tone  and  in  the 
i  tube  A,  the  temperature  of  the  water-jacket,  and  tin*  height. 
f  the  barometer,  the  level  of  the  maroury  in  the  pressure  babe  and 
ter  being  read  to  the  tenth  of  a  rn.nL  and  the  thermometer 

O'l"  C.     Tins  dime,  introduce   into   the   laboratory    vi 
pipette  with  a  bent  point,  a  few  drops  of  pntonmr  hydrate  solution 
{B.  0),  and  return  the  gaa  to  the  laboratory  vessel.     The  absorption 
rbonio  anhydride  will   be   complete  in  about   three  to  Bra 
mutes,  ami  if  the  volume  "f  the  gaa  is  large,  may  be  much 
by  gently  shaking  the  stand  from  time  to  time,  an  at  to 
trow  h]i  tin*  liquid  «'ii   the  sides  oi  the  vaaaaL     If  the  email 
I  t"  introduce  the  various  solutions  ate  removed  from 
rcury  trougb  gently,  they  will  always  contain  a  little  mercury 

i  the  bend,  which  will  suffice  to  keep   tli"   solution    from   flowing 

!  they  may  be  kept  in  readineaa  f<»r  naa  itemting  npright  in 

oylinden  or  other  convenient  supports.     At  the  ana  oi  Bra 

inutt  .  which  now  oonaiata  of  nitrogen  and  nitric  oxide, 

transferred  to  the  measuring  tulie,  and  the  operation  of 

Lng  repeated  ;  the  barometer,  however,  n t  not  !«■  observed, 

Duat  ordinary  circumstances,  more  than  once  for  Bach  analyeis, 

aa  the  atmospheric  pressure  will  not  materially  vary  during  the 

wenty-flve   to   thirty   minutes    required.      Next    naaa    into   the 

i  a  few  drops  of  saturated  solution  of  pyrogaUic 

id  (  b.  t),  and  return  the  gas  npon  it.     The  object  of  Boding  the 

Llie  acid  at  this  stage  La  to  ascertain  if  oxygen  is  present]  aa 
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fftymfttinm  happens  i 

and    the  vacuum   during 

I'lplr-r  nch  oircnmatanoeft,  tractsa  of  ox. 

cuprii  la  bo  rapidly  over  the  metallic  cnppei 

vpfeSon.    Tins  in  i ii iiimi  fly  involves  the  h 
oxide  which  nte  ;r  Imt  tin  ■  small 

propOJ  11    tnuintity  t!i;it    it*   LosB  will   nd 

result.       If   .-• 

t"  remain  exposed  t> 

thrown  op  tin-  hi<lr*  of  tin-  lab  .  aeael  rana  "tt  « 

leaving  a  dark  i  i  ha  nut  - 

of  that  gas  (b.  X)  are  introdi  ndiie  tlte  nitric  oxide  i> 

rk  oxide,  which  la  absorbed  by  the  potaaasc  hydrata.     The 
i  may  1h*  very  convenient]  shown 

in  li 
bulbs  <«f  aba 

■  mnected    b 
tube,    I 

tct  '1  nt  a,  so  :n  i-<  allow 

from    urn?    null'    I 
and  thai  control  the  ptmagr 
53.  of    jjaft    througli 

delivery   tube  •/. 
.■in I  sj 

through  which  any  desired  quantity  of  gas  may  V>c  readili 
aust  be  talc  on  after  us**  that  the  delivi  rv  tnhc  is  n 
from  tli'-  taragh  till  thf  angle  d  is  filled  with  mezonrj. 
T<>  replenish  the  pipette  with  oxygen,  fill  the  nd  the 

e  and  d  with  mercu  the  point 

of  oxygon  standing  in  the  mi  i  gh,  and  draw  air  from  lbs 

tube  a     The  gaa  in  b  is  confined  between  the  mcrcarj   h 
that  iu  ol 

When  tho  excess  of  oxygen  h  ■  ihsorhedaa 

the  residual  gaa,  which  •  nd  tha 

analysis  la  eompleta* 

There  are  thus  obtained  thn  from  which, 

by  the  usual  methoda,  w.  i  ilate  A  tin  ,  Btbc 

volume  "f  nitric  «.»xi*le  and  nitr  ■>■  volume  "f  nil 

all  reduced  t<>  0J  C.  and  7G0  nun.  ]>r>  may  be 

obtained— 


•  When  the  quantity  of  carbon  is  Tory  large  indeed,  trares  of 
occasional  J  r  present  in  tlie  iras,  and  will  remain  with  the  mtrotron  a 
alkaline  pyrogallate.  When  such  excessive  quantities  of  carbon  I 
cock  /  should  be  closed  when  the  hurt  meaaaretnent  la  made,  lb 
detached,  waalicd,  and  replaced  filled  will  Introduce  tl 

of  cuprous  chloride  (B.  k>,  u.ud  return  the  eu  upon  It 
nbaorbod,  and  after  about  five  minutes  tlte  r*<u)n  mi  tig  nitrogen  nu 
mure  than  twenty  consecutive  analyses  of  *  a turn  nt   very  t 
carbonic  oxide  was  found  in  any  of  the  gaaea  obtained  on  eonfburtti 
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\  -  B      V.il.  of  <  it-, 

a    +C—    o    ggTol  of  2J, 


lu-u  rbon  and  nitrogen  can  l*1  readily  found, 

much  less  trouble,  however,  to  assume  thai  in  all 

brae  stager-  i  ■■  hollv  of  nitrogen  :  then,  if  A  1»«-  the  weight 

got,  B  ii-  wi  ighl   i*  ,?h  potaatic  hydrate, 

ud  C  often  treatment  with  pyrogallate,  the  weight  of  carbon  will 

(A  -  B)  -  and  the  wi  ighl    1  nitrogen    '.,"":  for  the  weights  of 

nitrogen  in  aqua]  volurj       il     i  bonic  anhydride  and 

nitrogen,  at  tin  Bame  temperature  and  pleasure,  art*  aa  G  :  14  ;  and 

he  v,  nitrogen  in  equal  volumes  of  nitrogen  and  nitric 

if  .ii"  oe  1  :  1. 

Tin-  weighto*  1  ccof  nitrogen  at  0'  &  and  760  mm  is  0*001  256S 

OOOlrioGU  x  r  x  /> 
..and  the  formula  for  the  calculation  is  «? =n— n -ntiochT\  -™> 

(1  +U*00<i0i/)  iGO 

which  " ■--  the  weight  of  nitrogen,  a  the  volume, p  the  ]»i 

[uaoua  vaf  the  t<  tnperaturo  in 

eentigradi .     To  Eocilitate  this  calcolatian,  than  in  given  in 

Tank  2  the  logarithmic  value  of  th  i  a  . .  tn.Qowvr~ro 

b  tenth  of  ;i  degree  from  0a  to  *J9-9°  C,  and  in  Xable  l  the 

pour  in  imUimeftere  of  mercuiy.     As  the 

trinrg  tube        '  kepi  motet  with  water,  tlx-  ana  whan 

olwaya  saturated  with  aqueous  vap 

Tin    following  example  will  show  fee  pri  A    ..f  ealeo- 

ttion  :— ■ 


Volume  of  f*** 
Temperature   .... 

Height  of  mercury  iii  «.  c,  d 
>i  n  i»        *' 

Difference  . 
f'hu  teiisioD  of  fiucotu  vapour 


Deduct  correction  f or  ca  i  i 

Deduut  tLi«  from  height  of  bar 
Trunin  a  of  dry  gae 
Logarithm  of  volume  of  ft&e 

« 

,,  ,,         tension  of  dry  pm 


A 

Total. 

1  naai  ... 

nun. 

1935 

1165 
115 

128-0 
0-9 

1-J7-1 

;  I  - 
137*1 

»fc!T 

- 


After  absorption 
of  CO*. 

»  H  .-:;.-.. 

n.m. 

:-io 


l  N  B 

ll-o 


Ad  J  for  *lM 

ca-.UUnty  J  *  i 


c 

Nitrogen. 

0*806*7  c.o. 
137° 
ra.m. 

MH) 

33B-3 

151-8 
11*7 


w 


LofarUhui  of  weight  of  gmj  celc-i- 
uN 

<>  0045434 


1:,  I  ; 


150*3 


SIP'S 

■ 


K107Q0 
S-TftKM 


00000591 


liS7 


Ml  B 

1«57 


"Hi 
P41875 


B  190M 
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From  these  weights,  those  of  carbon  and  of  nitrogen  are  obtained 
by  the  use  of  the  formula  above  mentioned.     Thus — 

A  -  B  -  00042876  B  +  C  -  0*0005052 

x  3  -5-2 


-=- 7)00128628  Weight  of  nitrogen,  0*0002526 

Weight  of  carbon,  0001 837" 

When  carlxraic  oxide  is  found,  the  corresponding  weight  of 
nitrogen  may  be  found  in  a  similar  manner,  and  should  be  added 
to  that  corresponding  to  the  carbonic  anhydride  before  multiplying 

3 

by  «,  and  must  l>e  deducted  from  the  weight  corresponding  to  the 

volume  after  absorption  of  carbonic  anhydride. 

As  it  is  impossible  to  attain  to  absolute  perfection  of  manipulation 
and  materials,  each  analyst  should  make  several  blank  experiments 
by  evaporating  a  liter  of  pure  distilled  water  (b.  a)  with  the  usual 
quantities  of  sulphurous  acid  and  chloride  of  iron,  and,  in  addition, 
0-1  gm.  of  freshly  ignited  sodic  cldoride  (in  order  to  furnish  a 
tangible  residue).  The  residue  should  be  burnt  and  the  resulting 
gas  analyzed  in  the  usual  way,  and  the  average  amounts  of  carbon 
and  nitrogen  thus  obtained  deducted  from  the  results  of  all 
analyses.  This  correction,  which  may  be  about  0*0001  gm.  of  C, 
and  0*00005  gm.  of  X,  includes  the  errors  due  to  the  imperfection 
of  the  vacuum  produced  by  the  Sprengel  pump,  nitrogen  retained 
in  the  cupric  oxide,  ammonia  absorbed  from  the  atmosphere  during 
evaporation,  etc. 

When  the  quantity  of  nitrogen  as  ammonia  exceeds  0*007  part 
per  100,000,  there  is  a  certain  amount  of  loss  of  nitrogen  during 
the  evaporation  by  dissipation  of  ammonia.  This  appears  to  be 
very  constant,  and  is  given  in  Table  3,  which  is  calculated  from 
Table  5,  which  has  been  kindly  furnished  by  Dr.  Frankland. 
The  number  in  this  table  corresponding  to  the  quantity  of  nitrogen 
us  ammonia  present  in  the  water  analyzed  should  be  added  to  the 
amount  of  nitrogen  found  by  combustion.  The  number  thus 
obtained  includes  the  nitrogen  as  ammonia,  and  this  must  bo 
deducted  to  ascertain  the  organic  nitrogen.  If  "ammonia"  is 
determined  instead  of  "  nitrogen  as  ammonia,"  Table  5  may  be  used. 

When,  in  operating  upon  sewage,  hydric  metaphosphate  has 
been  employed,  Tables  4  or  6  should  be  used. 

Rule*  for  Converting-  Parte  per  100,000  into  Grains  per  Gallon, 
or  the  reverse. 

To  convert  parts  per  100,000  into  grains  per  gallon,  multiply 
by  0*7. 

To  convert  grains  per  gallon  into  parts  per  100,000,  divide 
l.y0-7. 

To  convert  grams  per  liter  into  grains  per  gallon,  multiply 
by  70. 
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Elasticity   of 

Aqueous    Vapour 

for    each    Xth  decree   centigrade 

from    0°    to    30< 

>    C.    (BevnauU). 

ijf 

a  Be} 

Hi 

■li 

^  e >* 

-23 

C. 

T.'nif. 

lii 

Temp 
Q 

j 

Temp. 
C. 

II 6 

lii 

Tump. 
C. 

c  .^  1 

ill 

4'6 

^ 

*-S^ 

ra-fl 

0* 

eo° 

7-0 

32-0* 

10-5 

18'0* 

15-4 

24*0* 

22-2 

1 

46 

•l 

7-n 

•1 

10-5 

1 

15  5 

1 

22-3 

.1 

4  7 

'2 

71 

•2 

10-8 

£ 

16*6 

-2 

22-5 

•s 

47 

"3 

71 

-3 

107 

■3 

157 

3 

22*0 

■i 

47 

•4 

7*2 

•4 

107 

4 

15-7 

•4 

227 

4'8 

•5 

72 

•5 

10*6 

■5 

16-8 

■5 

229 

6 

48 

•6 

73 

•0 

109 

-6 

15*9 

-o 

::■■> 

•7 

4*8 

7 

73 

7 

10-9 

7 

18-0 

•7 

231 

-8 

4*9 

8 

74 

•8 

110 

■8 

161 

•8 

23'3 

•9 

4-9 

•9 

74 

•9 

111 

•9 

10*2 

•9 

23-4 

1-0 

4  ft 

70 

7  5 

130 

11-2 

19-0 

16-3 

Bfl  0 

23*6 

1 

60 

•1 

76 

I 

11-2 

-1 

164 

■1 

237 

■a 

5-0 

3 

7*0 

•2 

11-3 

* 

16-6 

•a 

23-8 

3 

5-0 

*3 

7*0 

•8 

11*4 

-3 

167 

•3 

24*0 

*4 

51 

4 

77 

•4 

11*5 

4 

10*8 

•4 

24'1 

5 

1-1 

•5 

78 

■ 

11-5 

■6 

16*9 

J 

24-3 

-8 

5-2 

6 

7*8 

•o 

11-8 

-8 

17*0 

244 

7 

5*2 

7 

7*9 

7 

117 

7 

171 

7 

24*6 

■8 

'8 

7*9 

■8 

11  8 

-8 

17*2 

•8 

247 

■9 

6*8 

9 

8*0 

*9 

11*8 

-9 

17*5 

-9 

24*8 

20 

63 

8*0 

80 

HO 

119 

20-0 

17*4 

260 

25*0 

1 

6-3 

1 

81 

1 

12-0 

1 

17-5 

1 

261 

•2 

5*4 

2 

81 

1 

12-1 

•2 

17*6 

•2 

26*3 

•3 

54 

S 

84 

•3 

121 

•8 

17*7 

*3 

25*4 

■4 

55 

•4 

8*2 

■4 

12-2 

•4 

17-8 

4 

26-0 

•s 

5*5 

•5 

S3 

■5 

12-3 

•5 

17-9 

5 

267 

■fl 

65 

•o 

83 

•0 

12-4 

■6 

18-0 

•tf 

26*9 

■7 

6-e 

7 

84 

"7 

7 

18*2 

*7 

98U 

'8 

6*6 

•8 

8*5 

8 

-8 

1S-3 

*8 

202 

*9 

*9 

85 

•9 

128 

"9 

184 

it 

20  4 

3  0 

57 

9* 

8*8 

150 

127 

21-0 

185 

27  0 

26-5 

1 

r.7 

*1 

SO 

1 

12-8 

•1 

18*0 

1 

267 

-2 

•2 

8-7 

*2 

Lfrfl 

2 

187 

*2 

268 

■3 

5*8 

•3 

8*7 

■3 

iS-g 

-3 

18*8 

*8 

27-0 

4 

6-3 

4 

8  8 

4 

ISO 

■4 

190 

4 

271 

•5 

5-9 

5 

89 

•fi 

131 

•5 

191 

•6 

27*3 

6 

6-9 

'6 

8*9 

•0 

13-2 

8 

19*2 

11 

27*5 

7 

7 

9-0 

7 

13  3 

7 

19*3 

•7 

27*0 

■ 

00 

'8 

90 

•8 

134 

'8 

194 

*8 

27*8 

■v 

••1 

-9 

•9 

135 

■9 

195 

•9 

279 

4  0 

M 

100 

9-3 

16  0 

U-fl 

22-0 

197 

28*0 

281 

6-1 

1 

9-2 

1 

18*0 

1 

19*8 

1 

28-3 

w 

•2 

93 

'2 

137 

■2 

19*9 

•o 

28*4 

■3 

0*2 

3 

9*3 

•3 

13-8 

•3 

■JHM 

•3 

tt<6 

•4 

0*8 

•4 

94 

'4 

18-9 

•4 

201 

•4 

28-8 

•6 

6-8 

•6 

9-5 

*5 

14-0 

■5 

20*3 

*5 

28-9 

U 

■;  i 

*6 

9-5 

0 

14-1 

■ 

20*4 

-6 

291 

7 

04 

7 

90 

7 

14-2 

7 

20-5 

7 

29*3 

•8 

0-4 

■8 

97 

•8 

14  2 

8 

20*6 

•8 

29-4 

•9 

■9 

97 

■9 

113 

•9 

20-8 

•9 

29*0 

5*0 

0-5 

no 

I7d 

14  4 

23-0 

20*9 

■J'.  Ml 

29*8 

1 

■ 

■l 

1 

14  5 

•1 

21*0 

1 

30*0 

•2 

o-o 

"2 

9-9 

•2 

14-8 

•2 

2<i 

•2 

301 

■» 

0-7 

-3 

•3 

147 

•3 

£1-3 

•3 

30-3 

4 

«7 

4 

101 

•4 

14*8 

•4 

21*4 

•4 

30*6 

e-R 

'5 

101 

•;. 

14  9 

*5 

21*5 

•5 

807 

*« 

0-8 

6 

302 

•6 

15-0 

■0        217 

•0 

30-8 

0-9 

7 

10-3 

7 

151 

■7 

21-8 

"7 

Sl'O 

•8 

0-9 

*8 

10-3 

•8 

15  2 

•8 

21*9 

•8 

81-2 

•9 

lu-4 

•9 

153 

•9 

*1 
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TABLE  2. 

Reduction  of  Cubic   Centimeters   of  Nitroron  to  Grama 
L°g'  (1  +  O-0O867O76O  for  0-4,h  teDth  °f  *  ^S™*  from  0*  to  30*  C. 


tc. 

o-o 

01 

OS 

0  3 

0*4 

0-6 

0-6 

fr7 

0*8 

OH 

0" 

621824 

808 

793 

777 

761 

745 

729 

713 

697 

681 

1 

Ml 

649 

633 

617 

601 

586 

570 

664 

638 

BM 

2 

607 

491 

475 

459 

443 

427 

412 

888 

380 

364 

8 

249 

333 

318 

302 

286 

270 

£66 

239 

IBS 

»«H 

4 

192 

177 

161 

145 

130 

114 

098 

083 

067 

051 

6 

035 

020 

004 

•m 

•973 

•957 

•942 

■9M 

•911 

WO 

6 

620679 

864 

848 

833 

817 

801 

786 

770 

765 

m 

7 

723 

708 

692 

676 

661 

646 

629 

614 

698 

6*3 

a 

667 

652 

536 

621 

606 

490 

474 

459 

443 

IBS 

0 

413 

397 

881 

866 

361 

335 

320 

304 

BB8 

Bfi 

10 

259 

244 

228 

21S 

198 

182 

167 

i:.i 

136 

121 

n 

106 

090 

076 

060 

046 

0B8 

014 

•099 

>B6d 

•BBJ 

12 

r,vxr,\ 

938 

n 

907 

892 

877 

862 

846 

831 

816 

IS 

800 

786 

770 

756 

740 

724 

709 

em 

679 

664 

14 

648 

633 

618 

BOB 

688 

673 

658 

643 

628 

613 

15 

497 

482 

467 

462 

437 

422 

407 

B8I 

16 

346 

331 

316 

301 

286 

271 

256 

241 

BBS 

17 

196 

181 

166 

151 

136 

121 

106 

091 

061 

18 

046 

031 

016 

001 

•986 

•971 

•956 

•:m 

•BU 

19 

6'  18897 

882 

867 

BM 

837 

Bfl 

807 

m 

. 

in 

20 

748 

733 

718 

703 

fiH8 

<>73 

(359 

841 

eu 

21 

600 

685 

670 

655 

MO 

626 

611 

496 

481 

488 

22 

452 

437 

422 

KM 

88B 

378 

363 

■ 

334 

BU 

2a 

305 

290 

275 

261 

110 

231 

£16 

108 

172 

24 

158 

143 

128 

114 

099 

084 

070 

055 

Oil 

BBS 

26 

012 

•997 

•U82 

•958 

•963 

•yas 

•924 

•909 

•895 

•B80 

26 

6-17866 

851 

837 

822 

808 

793 

779 

764 

750 

735 

27 

721 

706 

692 

677 

663 

648 

634 

619 

605 

690 

28 

676 

661 

547 

532 

618 

BOB 

489 

■ 

480 

445 

29 

432 

417 

403 
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374 

360 

346 

331 

316 

BU 
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TABLE  3. 


Loss  of  Nitrogen  by  Evaporation  of  NH\ 
With  Sulphurous  Acid. 

Parts  per  100,000. 


Nu 

Lou 

Ku 

Loan 

Nm 

Lou 

Nu 

Losa 

N  A* 

Lous 

No* 

Lou 

NHJ. 

nf  JJ, 

NH». 

of  N. 

NH». 

Of  N. 

JIH», 

of  & 

NB-*. 

Of  N. 

NHJ. 

of  N. 

Ml 

1741 

39 

1-425 

8-8 

TM 

17 

•370 

•6 

-145 

■04 

«H 

49 

L717 

3-8 

1378 

M 

-850 

1-6 

338 

■5 

109 

m; 

KB 

41 

1693 

37 

1-330 

3*0 

BOB 

1-3 

-324 

'4 

075 

•02 

A 

47 

1-MO 

.:  | 

L-aa 

9*5 

754 

1-4 

m 

•3 

-057 

•01 

•Ml 

48 

1*45 

35 

8-4 

708 

1*3 

-295 

-8 

•AM 

-008 

•401 

4.1 

■ 

34 

1136 

83 

-858 

1-8 

880 

1 

■020 

•007 

■001 

11 

1-W8 

33 

1138 

2-2 

•610 

11 

9H 

•oe 

018 

4-3 

is:  i 

.'1-2 

l  ON 

8*1 

MS 

1-0 

■n 

-08 

017 

41 

1550 

3  1 

1-042 

2-0 

-514 

1 

w 

*07 

015 

41 

1-531 

.10 

■aw 

l-o 

-468 

•8 

217 

■iw 

■in-; 

41 

1-473 

29 

•94C 

i-e 

•416 

7 

181 

■01 

Mil 

TABLE  -i. 


Loss  of  Nitrogen  by  Evaporation  of  NH'. 
With  Hydric  Metaphoaphate. 

Parts  por  100,000. 


§1 

£' 

2 

§- 

* 

bb 

|| 

a' 

Z 

§1 

M* 

ri 

X 

^ 

ie 

^ 

o 

§e 

H 

T3 

le 

SB 

'o 

§l 

a 

I 

•3  2. 

i 

3 

ft 

3 

« 

a 

15 

J 

n 

a 

1 

100  c.e. 

•482 

m  i 

5*9 

•385 

100  o.c. 

36 

•281 

100  c.c. 

1'3 

142 

t;: 

5-8 

•381 

35 

■277 

... 

1-2 

136 

80 

... 

57 

■377 

34 

-.•:: 

11 

12» 

7-9 

•4&> 

5-6 

•373 

33 

•387 

... 

1-0 

123 

7K 

•465 

... 

5-5 

•368 

32 

*2«1 

... 

•9 

117 

77 

-461 

54 

•364 

3  1 

•255 

•8 

111 

7-8 

456 

... 

5-3 

360 

30 

•240 

230e.c. 

7 

QB 

75 

•452 

1 

•366 

3-9 

-242 

■a 

073 

74 

•448 

... 

51 

m 

2-8 

in 

•5 

061 

7  3 

444 

... 

5-0 

;i7 

27 

■2.JO 

5G0C.C. 

•4 

049 

7*3 

•440 

... 

4-9 

;tt3 

--'•■ 

•223 

•3 

DM 

7  1 

■4.35 

... 

4-8 

-338 

ra 

•217 

lOOOe.c. 

•2 

094 

... 

7" 

1 

47 

i 

24 

•211 

1 

013 

11 

iM 

23 

•205 

•09 

011 

«f; 

■ 

45 

:t>4 

3-3 

198 

'08 

oio 

-.  7 

■4iy 

44 

-319 

31 

•198 

'07 

008 

00 

'414 

.115 

ro 

•186 

■06 

007 

65 

410 

iU 

■ 

1'9 

■no 

05 

006 

o  i 

■40« 

41 

■;.L. 

18 

171 

'04 

005 

.11 

0-3 

'402 

l" 

■ 

17 

•167 

•03 

TO4 

Ml 

02 

-.:■»« 

3-9 

-296 

11 

•161 

•08 

BQI 

'384 

38 

1-5 

154 

•01 

001 

■ 

■ 

'389 

— 

37 

4NJ 

14 

148 

i»  it  2 
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TABLE  5. 

of  Nitrogen  by  Evaporation  of  NBP. 
With  Sulphurous  Acid. 

Farts  par  100,000. 


NH>. 

T<0M 

of  N. 

NH>. 

Low 
of  N. 

NHS. 

Txm 

of  N. 

NHS. 

Lom 

of  N. 

NHS. 

Lom 

of  N. 

NHS. 

LOM 

of  H. 

6*0 

1*787 

4*8 

1*451 

3-6 

•977 

2'4 

-503 

1*2 

-250 

-08 

•014 

5*8 

1707 

47 

1411 

3-5 

•887 

2-8 

-463 

1*1 

•238 

■OS 

•013 

5*8 

1688 

4*6 

1*872 

3-4 

•see 

2*2 

•424 

1-0 

•226 

•07 

•012 

57 

1-668 

4*5 

1-332 

3-3 

-858 

21 

•884 

•8 

•186 

•08 

•010 

5-6 

1*648 

4*4 

1-293 

3-2 

•819 

2*0 

•345 

•8 

-166 

-05 

•009 

5*5 

1*698 

4*3 

1*253 

3*1 

778 

1*9 

•333 

7 

136 

•04 

•007 

5* 

1*608 

4-2 

1*214 

3-0 

740 

1-8 

•321 

•6 

'108 

-08 

-006 

5-3 

1*689 

41 

1174 

2*9 

TOO 

17 

•309 

*5 

•077 

•02 

-OH 

52 

1*569 

40 

1135 

3-8 

■661 

1-6 

•287 

•4 

•082 

•01 

•oos 

5-1 

1*549 

3-9 

1*095 

27 

-621 

1*5 

•285 

•3 

-047 

•008 

•001 

50 

1-590 

3*8 

1-056 

2-6 

-582 

1*4 

•274 

-2 

-082 

49 

1*400 

87 

1*016 

25 

•542 

1*3 

-262 

•1 

•017 

• 

TABLE  6. 

IiOM  of  Nitroffan  by  Evaporation  of  NH>. 
With  Hydrlo  Xotaphoapfcate. 

Parte  par  100,000. 


-'■" 

l! 

fi 

n 

% 

•1 

g 

si 

B 

d 

9 

SI 

St 

fc 

3 

t 

H 

J 

"s  a, 

m 

fc 

J 

"5  3, 

BE 

3 

100  c.c. 

w-o 

-483 

100  c.c. 

:  i 

386 

100  o.c. 

4-4 

•283 

100  c,c. 

M 

•1*3 

B"9 

-480 

71 

-382 

4-3 

«n 

1'5 

-137 

9-8 

■47fl 

■■■ 

7-0 

'379 

43 

'275 

in 

1-4 

"133 

97 

'473 

av 

'375 

41 

•271 

1'3 

•127 

9-fl 

-409 

6-8 

■372 

40 

■L'-;r 

1'2 

122 

i 

9'5 

•463 

67 

368 

rs 

'262 

M 

-117 

9-4 

-4*8 

6-6 

-365 

3-8 

-S3? 

1*0 

■III 

1      '". 

93 

'459 

6-5 

-361 

37 

-252 

Mhko. 

*8- 

■,r*- 

»'2 

■455 

,;  i 

-356 

3  6 

-247 

•ft 

-IK.I 

£U 

152 

■  ■■ 

6-3 

354 

... 

3"5 

•242 

,,, 

T 

■'"«-" 

... 

9  0 

'448 

6^2 

-351 

3*4 

-236 

-e 

■06} 

u- 

a» 

-445 

fi-1 

,149 

3*3 

■231 

500  co. 

*5 

■05(» 

... 

8*8 

*441 

60 

-345 

... 

3-3 

"296 

•4 

-040 

„, 

87 

-438 

m 

5-9 

-341 

s*l 

■221 

•3 

-090 

! 

83 

-434 

5-B 

-337 

3-0 

216 

loobc.«. 

..-■ 

-oao 

8'5 

•*ai 

57 

-333 

2-8 

■211 

■1 

■111  If 

-*. 

8-4 

■428 

56 

■330 

■•■ 

28 

-205 

■ii 

'08 

■iw* 

83 

424 

5-5 

•336 

... 

2-7 

•200 

■iH 

■ft* 

8-2 

•421 

5*4 

-322 

?a 

195 

■07 

-,,i; 

.... 

VI 

-417 

5-3 

♦318 

w« 

2-5 

•190 

HW 

-r->; 

-«* 

B-0 

414 

52 

-314 

HI 

2-4 

•194 

„„ 

-005 

7*8 

■■111) 

5-1 

■310 

2*3 

■178 

nt 

-004 

... 

7-8 

■407 

50 

-306 

23 

'174 

■03 

SKffl 

77 

403 

w 

1-9 

■302 

21 

•169 

MH 

-0D2 

76 

-4» 

.,. 

4-8 

■298 

2-0 

-164 

m 

•01 

•001 

7*5 

-396 

47 

'294 

18 

158 

74 

■393 

46 

•291 

i-a 

153 

n 

-380 

... 

45 

-287 

17 

•148 
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fi.     Estimation  of  Total  Solid  Matter. — Evaluate   over  a  steam 

th  hall  a  liter  or  a  la  of  the  water  lb  ■  platinum 

dish  which  has  been  heeled  to  redness  and  carefully  weighed. 
The  weta  should  "bo  filtered  or  unfiltercd,  according  to  the  decision 
made  in  thjit  respect  at  the  commencement  of  the  analysis.  The 
quantity  to  be  taken  is  regulated  ohianj  by  the  amount  of  nitrate 
-nine  from  thia operation  ia,  witib  oertain  exceptions, 
employed  for  the  determination  of  the  nitrogen  as  nitrates  and 
nitrites.  As  i  general  rule,  £oi  water  supplies  .mil  river  water 
luilf  a  liter  should  be  used ;  fbi  shallow  well  waters,  a  i  i 
■  Liter.    'M  100  c.cland  of  waters  containing  more 

an  0*0S  part  of  nitrogen  U  ammonia  per  100,000,  a  quarter  of 

.i  liter  will  generally  be  convenient)  as  in  than  cases  the  residue 

will  not  1a*  used  for  the  iwtimntlfTn  of   nitrogen  as  iritrat*- 

nitataaj  and  the  only  point  to  ho  considered  w  tu  have  a  ijuantity 

Los  suitable  to  weigh,    ft  is  desirable  to  support  the  platinum 

diab  daring  evaporation  in  a  glass  ring  with  a  flange,  shaped  like 

the  top  of  a  beaker,  the  cylindrical  part  being  about  20  m.m.  deep. 

dropped  into  the  metal  ring  on  the  a         !    th,  and  thus 

lines  the  metal  with  glass,  and   keeps  the  dish   clean.     A  glass 

disc  with   a  hols   in   it  to   receive,   the  dish   ia  not  satisfactory,  as 

Of  water  Conveying   solid   matter  find   their  way  BCE0BE  the 

the    metal   vassal    BO    the   dish,   and    thus  soil 

As  «oou  as  the  evaporation  is  complete,  the  dish  with  the 

due   U   removed,  its  outer  side  wiped  dry  with  a  cloth,   und 

U  dried  in  a  water  or  steam  oven  for  about  threo  hours.     It 

then  removed  to  a  desiccator,  allowed  to  OOOl,  weighed  as  rapidly 

<]e,  returned  to  the  oven,  and  weighed  at  intervals  of  an 

nx,  until  between  two  successive  weighings  it  has  lost  less  than 

001  gm. 

6.    Estimation  of  Nitrogen  as  Nitrates  and  Nitritea. — The  residue 

Kbtain  i    inthi    preceo^ng  operation  may  be  used  for  this  estimation. 
i  with  about  30  cc.  of  hot  distilled  water,  taking  care  to 
about  the  whole  of  the  residue  to  its  action.     To  ensure  this  it 
-  advisable  to  rub  the  dish  gently  with  the  linger,  so  as  to  detach 
he  solid  matter  as  far  as  possible,  and  facilitate  the  solution  of 
Inblfl  matters.     The  finger  may  be  covered  by  a  caoutclmue 
Ogar-afealL     Then  filter  through  a  very  small  niter  of   .Swedish 
iug  the  dish  several  limes  with  small  ijuantities  of  hut 
distilled  water. 

The  nitrate  must  be  evaporaU'd  in  a  very  small  beaker,  over  n 

i tli,   until   reduced  to  about   1    cc,  or  even  to  dryness. 

ntrated  solution  is  introduced  into  the  glass  tulie  shown 

1,  standing  in  the  porcelain  mercury  trough,  tilled  up  t<> 

o  stop-eoek   with  mercury.     (If  the  nitron  Lunge  ia 

the  use  i  if  the  laboratory  tube  and 
Sua  is  avoided.)     The.  tube  is  210  m.m.  in  total  length, 
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and  IS  in. id.  in  internal  i 
iiit<>   the  dip  at  the    top,  and  then   C8U1 
i   into  tin1  tube 

or.     Tic  beaker  i*  rimed  once  wit 
distilled   "  n  two  or  three  tin.-  *mng 

sulpl ai    i  i  c.  a  >,  the  voli 

the  aqueous  solution  about  as  3  :  _.     The  t 

add 

chance  1m*  admitted  at  this  &ta± 

i,  the  lips  being  applied  to  the  tup.     With  fart 
there  Ls  but  little  danger  of  letting  acid  inb  h. 

In    a   few   cases   carbonic   anhytlridi 
addition  <•!  sulphuric  acid,  and  must  Ik-  sucked 
proceeding. 

Now  grasp  the  tube  firmly  in  the  hand,  closing  the 
by    the    thumb,    wluch   should    1. 
withdraw  it  fn  nigh,  inrline  it 

4 IV,  the  cup  pointing  fr<« 

pid  motion  in  the  direction  of  its  Length,  bo  as  to 
throw  the  mercury   np  towards  the  stop-coot         \ 
Fig. M.  Xl,.v  ''tt'*'  practice  there  is  no  danger  of  the  acid  I 
its  way   down   to   the  thumb,   the  mixture  of  aeid 
py  being  confined  t«»  o  comparatively  small  perl 
tube.     In  a  few  seconds  some  of  the  mercury 
divided  ;   and  if  nitrates  lie  present,  in  about  a  min 
nitric  oxide  is  evolved,  • 

Me  i  nry  hi  allowed  t  the  reocti  rtiaJIv, 

but  not  wholly,  relaxing  the  pressure  of  the   thumb.     A 
excess  of  pressure  should  be  maintained  within  the  tube 
entrance  of   air  during  the  agitation,    which    musl 
until  no  mora  gu  ia  evolved. 

When  the  quantity  of   nib  n   large,  the  mi 

shaking,    breaks   up   into    irregular    I  which    adhi 

another  as  if  alloyed  with  lead  or  tin,  and  the  whole  fori 
dark-coloured  paste,  which  it  is  sometimes  very  difficult  to 
but  nitric  oxide  is  not  evolved  for  a  consi 
off  slowly,  and  afterwards  with  very  greal 

f<»r  the  gas  evolved,  the  operator  should  endeavour  to  shake  tiw 
tube  so  as  to  employ  as  little  as  possible  of  the  contained  merarrj 
in  the  reaction.     At  the  close  of  the  operation  the  fim 
mi  rcury  will  consist  fur  the  must  part  of  ininul 
appearance   being  entirely  gone.      An   experiment   with  ■   Urge 
quantity  of  nitrate  ma)  often  be  saved  from  Loss  by  firmly  rr 
the  escape  of  mercury,  shaking  until  it  is  judged  b.  arann; 

of  the  contents  "f  the  tube  that  the    i 
on  restoring  the  tube   to  the  mercuj 
divided  mercury  also  to  escape  in  part.     If  the  gas 
more  than  the  tube  will  hold,  and  there  bo  no  odour  of  i* 
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oxide  from  the  escaped  finely divided  mercury,  tin:  operation  may 

t'ul.     If  the  amount  *»f  nitrate  be  too  large,  a 

he  water  must  be  evaporated  and  the  operation 

repeated.     When  DO  nitrate  ia  present,  the  mercury  usually  mani- 

. '-rv  tittle  tendency  to  become  divided,  that  which  does  so 

HWnaills  bright,  mid  bhfl  acid  liquid  does  not  become  so  turbid  as  it 

does  I  ises. 

The  reaction  completed,  tin-  babe  b  fasten  op  closed  by  the 

thumb,   and   the  gas  is  decanted    into   the   laboratory  vessel,  and 

measured  in  the  usual  way  in  the  gas  apparatus.     The  nitr 

tube  is  of  such  a  length,  that  when  the.  cap  is  in  contact  with  the 

and  ■►!"  tie*  mercury  trough,  the  open  and  is  just  under  the  centre 

of  the  lahoi  el.     If  any  acid  has  been  expelled  from  Qui 

toba  at  tie-  close  of  tie-  thaking  operation,  the  end  of  the  tube  and 

the  thumb  should  be  washed  with  water  before,  introducing  into 

n  tin  trough  <>f  the  gas  apparatus,  so  as  to  remove  any  acid 

which  may  Ik*  adhering,  which  would  destroy  the  wood  of  the 

trough,     Before  passing  the  gas  into  the  measuring  tube  of  the  gas 

apparatus,  a  little  mercury  should  be  allowed  to  run  over  into  the 

Moratory  vessel   to  remove  the  said  from  the  entrance  to  the 

■ 

nitric  oxide  contains  half  its  volume  <>f  nitrogen,  if  half  a 

ol   water  lias   been  employed,  the  volume  of  nitric  oxide 

obtained  will  be  equal  to  tin'  volume  of  mtrogen  m-oooni  as  nitrates 

and    nitrites   in   one   liter   of    the   water,   and    the  weight  of   the 

nitrogen  may  be  calculated  as  directed  in  the  paragraph  on  the 

estimation  of  organic  carbon  and  nitrogen. 

When  mop-  than  OOs  pert  of  nitrogen  as  ammonia  la  present  in 
100,000  parte  of  liquid,  there  ie  danger  of  loss  of  nitrogen  by 
decomposition  of  ammonli    nitrite  "ii  evaporation \  and  fch< 

m   the  estimation   <>f    total   Solid    matter  cannot    be 

In   BUeh  rases  acidify  a  fresh  qunnUty  <>f  tlie  liquid  with 

dibit"  hydnc  sulphate,  add  sohrtioD  of  potasaic  pernsangani 

little  at  a  time,  until  the  pink  colour  rernaine  for  about  a  minute, 

and   r-  liquid  just  alkaline    to   litmus   paper  with   eodfe 

The   nitrites   present   will    then    be   converted    into 

nitrntes  and  may  be  evaporated  without  fear  of  loss.     Use  as  little 

i  reagent  as  possible,     8  santined  in  this 

hardly   necessary  to  attempt   the  determination, 

is   almost    invurial.lv    free    from    nitrates   and    nitrites. 

i  tut-  of  several   hundred  specimens,  the  writer  only  Bound  two 

or    three   which   contained    any,  and    even    then    only   in    van 

.-mall  quart 

7.  Estimation  of  Nitrogen  as  Nitrates  and  Nitrites  in  Water* 
containing1  a  very  large  quantity  of  Soluble  Matter,  with  but  little 
Ammonia  or  Org-anto  Nitrog-en. — When  the  ijuantity  of  soluble 
matter  is  -  ■  ■  ,  as,  foi   example,   in  Bee-water,  the  preceding 

h<»d  is  inapplicable,  as  the  solution  t«>  be  employed  cannot  be 
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reduced  to  :i  sufficiently  small  bulk  to  go  into  ti 

If  the  i|ii;intitv  of  organic  i  "0,000, 

tin*  nitrogen  n>  nitrates  and  nitrite*  may  generally 

liy  the   following  modification  of  Schulae'e  method  'Levi: 

K  T.  Chapman.     To  200  cc,  of  tl  add  10  - 

hydrate  solution  (o.  c),  and  boil  brie 

until    it  is  reduced  to  about  70  cc.      When  cold  | 

into  :i  tail  gloss  cylinder  of  about  120  «  ■      v.  and  iii 

(Huh   with  water  free  from  ammonia.     Add 

foil  ff  about  16  I  a,  loading  it  with 

gloss  rod  to  keep  it  from  Boating.    Close  the  mouth 

with  ■  cork,  bearing  a  small  tube  filled  with  pro 

with  hydric  ehloriae  free  from  anmioniu  (o.  n). 

Hydrogun  will  speedily  be  given  on"  from  the  surface  of  tht 
aluminium,  and  in  five  or  six  hoars  the  whole  of  the 

I  nitrites  will  be  converted  into  ammonia.     Trai 

the  contents  of  the   cylinder,  together  with  the 
pumiiv,  washing  the  whole  apparatus  with  a  little  water  free  from 
ammonia.     Distil,  and  estimate  ammonia  in  the  usual  way  with 
Nessler    solution.      It    appears    impossible   wholly   to    » 
ammonia   from   the   pi  ind    apparatus,  and    therefore  some 

blank  experiments  should  be  mode  to  ascertain  the 
applied  for  this.     This  correction  is  very  small,  and  to  b* 

nearly  constant 

8.    Estimation  of  Nitrogen  as  Nitrates  and  Nitrites  by  the  Indigo 

Process.-  -This  method  has  h-M-n  fully  described  in  §  07.6. 

0.     Estimation    of    Nitrates    as    Ammonia    by    the    Copper-sine 
Couple. — It  is  well  known  that  when  zinc  is  immersed  in 
sulphate  solution  it   becomes  covered   with  a  spongj 
precipitated    copper.      If    the    solution    of    copper    sulphal 
sufficiently  dilute,  this  deposit  of  copper  is  blank  in  colour  and 
firmly   adherent   to  the  zinc.     It   is,   however,   not    so   generally 
known  that  the  sine  upon  which  copper  lias  thus  been  tie] 

the  power  of   decomposing  pure  distilled   v.. 
ordinary   Uuiij^mture,  and   that  it  is  capable  of  many 

other  decompositions   which  zinc  alone  cannot.  hese  i* 

the  decomposition  of  nitrates,  and  the  t:  tian  of  tl. 

acid  into  ammonia.     (Ilad.^tone    and    Tribe    have    a] 

ion  of  the  "copper-zinc  couple"  (as  they  call  the  DcmjcAued 
metals)  upon  a  nitre  solution  consists  in  the  electrolysis  of  the 
nitre,  resulting  in  the  liberation  of  hydrogen  and   thi 
of    zinc   oxide.      This   hydrogen    is   liberated 
by  the  spongy  cropper,  and  when  thus  occluded,  it    is  capable  of 
reducing  the   nitre  solution  in  its  vicinity.     Thi  is  first 

reduced  to  nitrite,  and  the  nitrous  acid  is  sub 
formed  into  ammonia  by  the  further  action  nf 
M.  W,  Williams  has  shown  (J.   C  -'.   100)  t 
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ry  dilute  solutions  of  oil  i  trie  acid  can  ba  completely 

overfed  into  ammonia  in  this  manner  with  considerable  rapidity; 

d  further,  th.it  Lay  be  greatly  hastened  by  taking 

vantage   of   toe   influence   of  temperature,  acids,   and   certain 

ndte,  which  increase  the  electrolytic  action  of  the  couple. 

i  experiments  prove  thai  rarbonfr  acid— feeble  acid  as  it  is — 

ces  to  treble  the  speed  of  the  reaction,  and  that  traces  <»f  aodic 

hlnride  (O'l  per  cent)  accelerated  it  nearly  as  much  as  carbonic 

ill.     A  riae  of  b  law  degrees  in  temperature  was  also  found  tn 

yery  marked  degree.     The  pi 

.  alkaline  earth  it :  having  an  alkaline  reaction,  was 

und  to  retard  the  speed  of  the  redui 

William     ■  on  those  experiments,  founded  a  aimple  and 

peditioUB   procese   for  eatiniating  tin*   nitric   ami   nitrous  arid   in 

i  dysis,  which,  when  need  with  skill,  may  be  applied   t-<  by 

greater  number  of  waters  with  which  the  analyst  is  usually 

1  (Anatyet,  1881,  36).    The  requiaiU  i  opper-amc 

ople  f  d  in  the  following  manner:    The  ono  employed 

ouM  be  dean,  and  for  the  sake  ox  convenience  should  be  in  feha 

mi  of  foil  or  very  thin  sheet     It  should  be  introduced   Into 

fla.sk  or  bottle,  and  covered  with  a  solution  of  copper  sulphate, 

king  about  3  per  cent  of  the  crystallised  salt,  which  should 

l>e  allowed  to  remain  upon  it  until  a  copious,  firmly  adherent  coating 

bin  I  baa  Wen  deposited.    This  deposition  should  not 

pushed  too  far,  or  the  copper  will  be  BO  easily  detached  that  the 

tnnot  be  washed  without  impairing  its  activity.     When 

it  copper  has  Wen  deposited  the  solution  should  be  poured 

,  and  the  conjoined  on  i  d  with  distilled  water.     The 

it  ononis  is  then  ready  for  use. 

To   use   it  for  the   estimation  of  nitrates  it  should   be   made  in 

wide-mouthed  stoppered  bottle.     After  washing,  it  la  soaked  with 

tilled  water;  to  displace  this,  it  is  first  washed  with  some  of  the 

:iter    to  I*1    analyzed,  and    the    bottle   filled  up  with  a    further 

quantity  "f  the  water.    The  stopper  is  then  inserted,  and  the  bottle 

allowed  i<»  digest  in  a  warm   place   for  a   few  hours.      If   the  bottle 

lw  well  tilled  and  stoppered,  the  temperature  may  be  raised  to 

0*  C,  (,r  even  higher,  without  any  fear  of  losing  ammonia.     The 

tion  will  then  proceed  very  rapidly ;  but  if  it  be  desired  to 

nthe  reaction  still  mare,  a  little  salt  should  ba  added  (about 

I  gnt  to  every  100  cc),  or  if  there  be  any  objection  to  this,  the 

lie  acid  passed  through  it  for  a  few  minutes 

before  it  is  poured  upon  the  couple.     In  the  cn^r  of  cake 

,  tin1  same  hastening  L  and   the  lime 

the  same  time  be  removed  by  adding  a  very  little  pure 
icid  ;..   iii"    water   before  digesting   it   upon    the   couple. 
Williams  has  shown   that  n;l.  lined   in   the 

■   until  the  reaction   wad  finished.      By   testing  foi    nitrous 
id  tie*  completeness  of  the  reaction  may  l»-   ascertained  with 
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ind  perhaps  the  m**t  delicate  test 

f'..i  this  j. in 

[f  the  reagent  employed,     Wl 

to    .1    portion  nf    the    fluid,  And  phun> 

arid,  i\  yellow  colouration  i.«  produced  En  About  ball  an   h 

.t.       Tin'    :■ 

one  part  of   nitrous    acid    in    ten    millions  nf   water. 

I   ie    found,   the   wnter   is   poured 
.i  stoppered  bottle,  and,  if  turbid,  allowed  to  subside     A 
of  the  eloar  fluid,  wore  oi   less  According  to  the  < 
the  nil  is  put  ii  I  .  diluted  if 

necessary,  and  titrate!  with    8  Miliary 

war. 

Tin*  prooaM  mn  be  oaed  for  the  majority  of  ordinary  waters — 
forthoee  that  art-  coloured]  and  those  i!  d  magnesium  of 

other  etthatancee  sufficient  to  Interfere  with  the  Neaaler  reagent, 
a  portion  of  the  fluid  poured  off  the  couple  should  be  put  into 
a  Kinall  retort,  And  distilled  with  u  little  pure  !i:. 
and  the  titration  ol  the  Ammonia  performed  upon  the  distill 

About  one  square  decimeter  of  rinc  should  be  naed  for 
200  r.c,  of  A  water  containing  fire  parti  or  leaa  of  nil 
100,000.     A  large  proportion  should  be  used  with  waters 
in  nitrate*.    Tlh'  couple,  after  washing,  may  be  i 

il waters  more.     When  ait 

a«-id  h  rtded  to  the  water,  a  larger  proportion  ■ 

ii  should  !  ■  ■  I  in  titrating  it  than  it  :o  add. 

3  0.0.  to  100  of  the  water  Are  sufficient  in  almoBl  all  nisos. 

Blunt  (Anahjutj  vi.  202)  point*  out  that  the  above  p 
Ikj  used  without  distillation,  and  with  accuracy,  in  the 
water,  by  adding  oxalic  acid   to  a  double  quantity  of   l 
dividing,  and  using  one  portion  (clarified  completely  \>\ 

I   ln>ttle)  its  a  comparison   liquid   for   I 
other,  which   has   been   treated  with  the  coppeMDC 
couple.     When  dilution  is  used  it  must  be  done  in   hi 
equally.     This  plan  poasea  hiditt 

>aler   in   Imtli    portions,   ami    any   traooa  of 
ammonia  contained  in  the  id  will  hav.-  the  error  dn 

■  1 1  ted, 

[i       i    '  tting  the  Amount  of  nitric  mid  contained  in  i 
from   the  amount  of  ammonia  obtained  in  tin 

of  course  be  made  for  any  amn  existing  in  the 

as  well  as  for  that  derived  from  any  nitrous  acid 

10.    Estimation   of  Nitrites  by   Griei.'e   Method. — 100    > 
the    water    ATB     placed    in    D    N  it'll    et 

metapbenylcne-diaminc  and  dilute  acid  (p.  379)  added.     H 

is  rapidly  produced  the  water  must  )*■  diluted  with  disl 
i    ni    N'-'O',  and  other  trial  The  dilution  - 
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when  colour  ii  plainly  men  at  the  end  of  one  minute.    Tin-  weak 

point  of  the  process  is  that  tin  .  ■  h  developed  ; 

however,  this  is  of  little  consequence   if  the  comparison  with 

odard  nitrite  is  made  ondej  the  some  conditions  of  temperature, 

dilation,   and   duration    of  experiment.     Twenty   minutes    is    n 

tfficient  time   for  allowing  the  colour*  to   develop  before    Bnal 

Lparj 

Iff,  AV.  Williams  obviates  the  uncertainty'  of  the  comparison 

»te  by   using  eolourlesB   Nessler   tabes,   SO   nun.    wide  and 

m.iu.  Long,  graduated   into  millimeters-    Tin  v  an   naad   bub 

■1  the  water  bo  ]"■  examined  with  the 

idard  nitrite  is  roughly  ascertained  ;  the  gjfniiHwi  are  then  tilled 

one  height*  and  the  test  added,  and  allowed  to  itand  i  lew 

brntea     Usually  one  will  be  somewhat  deeper  than  the  other. 

lie  height  oi  the  deeper  coloured  liquid  Is  read  <»ft  on  flu 

u  removed  with  n  pipette  until  the  i  olonra  correspond. 
The  amount  of  N-< >:  in  the  shortened  column  is  taken  as  equal  to 

I  tilt*  other,  whan  ■  simple  calculation  will  show  the  amount  sought. 
U.     Estimation    of    Nitrites    by    Napthylamine. — WaringtOO 
[Jt  C.  8,  1881,  231)  has  drawn  attention  t"  thae  teat,  origtnalrj 
tnd  which  i>  o£  sach  extreme  delicacy,  that 
by  its  means  it  is  possible  v>  d<  I  j  f rt  of  V-'O    in  a  thousand 

p%tT»ffna  ,,f  water. 

Ilosv.tv  his  improved  this  tost  by  OSinc  acetii    acid   instead  of 
ininend  acid.     The  colour  is  moi  id   more  rapidly 

ed.      He  dissolves  (1)  0*5  gm.  of  sulphanilie  acid  In  150 
.c.  of   dilute  acetic  acid,  (2)   boils  0*1   gm.  of   a-naphthylaininc 
ith  20  C.C,  of  water,  pours  off  the  colourless  solution,  and  n 
with  loO  to.  of  dilute  acetii    add.    These  two  solutions  are 
lixed,  thus  gaining  the  advantage  »>f  having  n  single   reagent 
nf  tfwo,  and  one  which  indicates  by  its  cohmr  whether  it 
aonl  aminatod  by  nitrous  acid  derived  from  the  ;iir.    The 
U  not  affected  by  light,  hut  should  be  protected  from  the 
Should  it,  however,  become  coloured  by  absorption  of  nil 
•id,  it  may  be  shaken  with  sine-dust  and  filtered. 

H>st  too  delicate  to  be  used  quantitatively,  hut  is 

utentl  rviceahle   as  a  qualitative  teat   for  very  minute 

ntities  of  nitrous  acid.     Hy  its  means  vTarington  has  del 

i /ill  in  the  atmosphere  of  various  places  bv  fflffrftig  watta 

few  drops  of  the  requisite  solutions  to  the  air  in  a  basin 

n  few  boon  ;  the  like  mixture  kept  in  a  closed  flash  Of  cylinder 

at  the  nine  time  undergoing  no  i  hange  of  colour. 


12.    Estimation  of  Nitrites  by  Potassio  Iodide  and  Starch. — Kk  i  n 

i  tied  out  (Pltarm.  TVww.  1881,  286)  that  this  well-known 

»twill  give  the  blue  colour  with  nitrous  mid  in  a  few  minutes, 

i-  proportion  is  one  part  in  ten  millions;  in  twelve  noun 
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wht'ii  one   part  in  a  hundred   milli 
when  cms  1:1  .1  thousand  millions. 

Kkin  used  acetic  acid  foracidifj 
blank  Bxpsrnnantfl  with  pure  water  were  siinidtaneou&ly  can 
Sulphuric   ot  hydrochloric  acid   will,  no   doubt 

-n,  but  both  t  more  liable  to  rout, 

affecting  tin-  ifiM-ti'.-n  than  is  the  case  with  pure  acetic  acid. 
to  tfae  instability  of  alkaline  iodides,  this  method  of  testing  cmn 
hardly  1m*  considered  ctory  as  tho  methods  of  Griess. 

IB.    Estimation  of  Suspended  Matter.--  Filters  of  Swedish 

about  L10nuxn.it]  d  d  one  inside  bj 

20  together,  so  that  water  wilj  pass  through  the  whoa 
lOQdstsnsd  with  dilute  hydrochloric  acid,  washed  with 

until  the  washings  i  ease  to  contain  chlorine,  and  do 
ash  of  tin-  paper  is  thus  reduced  by  about  f»0  per 
be  <l<'t»  nmii'-d  for  each  parcel  of  filter  paper  by  ng  10 

ami  weighing  the  ash.     For  use  in  estimating  suspended 
matter,  the*  nusl  1"-  dried  for  several  hi 

L30*  G,  and  each  one  then  weighed  at  intervals  of  m 
until  the  weight  ceases  to  diminish  ist  until   U 

weight  between  two  consecutive  weighings  does  not  exceed  0O003 
gm.      It  is  most  convenient  to  enclose  the  filter  dn 
t  w  i  short  tubes  fitting  closely  one  into  the  other.      The  clow 
of  test  tubes,  50  m.in.  long,  cut  off  by  1-     I 
the  aid  of  a  pastille  or  very  small  gas  jet,  the  sharp  edges 
afterwards  fused  nt  tin-  blow  pipe,  answer  perfectly.      I- 
ibes  should   have  a  distinctive  number,  which   is   marked 
diamond  on  both   tubes.     In  the  air  bath  they  should   n 
tves  formed  by  a  folded  sheet  <-f  paper,  the  tul  drawn 

apart,  and  the  filter  almost,  but  not  quite,  out  of  tl 
They  can  then  be  shut  up  whilst  hot  by  gently  pushing  the  tube* 
together,  being  guided  by  the  grooved   paper.     They  require  to 
remain  about  twenty  minutes  in  tor  to  cool  '  ighiag. 

Filtration  will   1m-  much  accelerated  if  the    filters  be  rii 
ilrying.     As  a  general   rule,  it  will  be  sufficient  to  tilt' 
of  a  liter  of  a  sewage,  half  a  liter  of  a  highly  polluted  rivi 
a  liter  of  a  less  polluted  water;  but  this,  must  Ikj  frequently 
to    suit    individual    cases.     Filtration    is    hastened,    and 
diminished,  by  putting  the  liquid  to  be    filtered  into  a  n 
necked  flask,  which  i.s  inverted  into  the  filter,  being  Buppoi 
a  funnel-stand,  the  ring  of  which  has  a  slot  cut  through  it  t 
the  neck  of  the  flask  t->  pass.     With  practice  the  im 
be  accomplished  without  loss,  and  without  previously  closing  the 
mouth  «<f  the  flask.     When  all  has  passed  through,  the  fleas 
bo  rinsed  out  with  distilled   water,  and  the  rinsings  added  to  Uw 
filter.     Thus  any  particles   of   solid   matter  left  in   thi 

il,  and  tin*  liquid  adhering  to  tl  I  filter 
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displaced.    Tin-  filtrate  from  the  washings  should  Dot  be  added 
tin-  i  i  titrate,  which  may  1m-  employed  for  determination 

J  solid  matter,  chlorine,  bardnoee,  • 
Tims  washed,  the    filter  with  tin-  matter  upon  it  is   dried 

rred  troni  the  funnel  to  the  same  pair  of 
which  it  weighed,  ami  the  operation  of  dryj 

J  I    tt'-d.         Tilt'   \. 

a*,  roinns  the  weight  of  tin-  empty  filter  snd  hi 
w-  the  weight  of  the  total  suspended  matl  ■;  120*  - 130°  C. 

To   lacertain  the  quantity  of  mineral  matter  in  this,  the  filter 

L  in  a  platinum  crucible,  snd    the 
ash  thus  determined,  minus  the  an  of  the  Biter  alone,  gives 
■  of  the  mineral  suspended  matter, 


tor* 

.i.l. 


14.  Estimation  of  Chlorine  present  as  Chloride. — T<>    00   C.C.    "1 

Id  two  or  three  drops  «>f  solution  of  potessio  <-hi<>iu:iti 

(D.  /3),  bo  ns  to  give  it  a  faint  tinge  <>f  yellow,  and  add  gradually 

i    ohition  of  sUrer  nitrate  (d.  a),  until  the 

eHver  chramate    which    forms  after    each   addition  of    the 

i  on  shaking.    The  number  of  cc  of 

•ihtT  solution   employed  will    express  tin'  ohkrine  present  as 

iloride  in  parts  in  100,000.     If  this  amount   be  mueh  more  than 

10,  i:  ble  to  take  a  smaller  quantity  of  a 

[f  extreme  iry,  after  eompli  ting  i  determination, 

destroy  tin  slight  red  tint  by  an  excess  oi  b  soluble  chloride,  and 
tarnation  on  a  fresh  quantity  of  the  water  in  a  similar 
by  the  side  of  the  former.     By  comparing  itente 

of  the  fiaaka,  the  first  tinge  "f  red  in  the  second  Has*  meg 
detected  with  great  accuracy.  It  is  absolutely  necessary  that  the 
liquor  examined  should  not  be  acid,  unless  with  carbonic  acid,  nor 
more  than  very  slightly  alkaline.  It  must  also  be  oolourleaa,  or 
so.  These  conditions  are  generally  found  in  waters,  hut,  if 
rt,  they  may  be  brought  about  in  most  cases  by  rendering  the 
list  alkaline  with  lime  water  (tree  from  chlorine),  passing 
i  anhydride  to  saturation,  boiling,  and  altering.  The  calcii 
is  a  powerful  clarifying  action,  and  the  excess  of  alkali 
Jized  by  the  earhonic  anhydride.  If  this  is  not 
ml,  the  water  must  be  rendered  alkaline,  evaporated  to 
i>  and  the  residue  gently  heated  to  destroy  organic  matter. 
Tin-  ah  h  extracted  with  water,  and  estimated  in 

ither  gmvirnetrically  or  volumetrically, 

15.  Estimation  of  Hardness.      Tin-  following  method,  drvised  bj 

rk,  of  Aberdeen,  is  in  general  use:  and 

SB    its   i  ;  lity,   and    nceurarv,    is   nj    great    value.     (For 

the    hfltdriftfls  of  ,.  ■  olution  see 

:   rmity  in  conducing  it  is  of  great  imj  i  [all} 
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Lh.'  litniUt'ii  "l"  ili'-  Si 

of  waters,  should  1m-  performed  in  precueljf  airailar  my 

50  cc,  "f  the  water  into  .i  well 
350  ac,  capacity,  ahake  briskly  for  ;i  I  ,  and  n> 

air  from  t lie  bottle  by  means  of  a  glass  tube,  in  o  remorc 

rbonk  anhydride*  which  been  liberated  fa 

odard  Ntiiji  siiluti-m  (E.  /3)  from  i 
at  ;i  tune  at  first,  and  smaller  quantities  fcowj  of  the 

operation,  ■hnMwg  well  liter  Bach  addition,  until  a  s. -ft  Ia1 
obtained,  which,  if  t! 

oontinnoui  whole  surface  Cor  live  niiautaa.     The  aoap 

should  not  be  added  in  Larger  quantities'  u  when  thr 

volume  required  Imately  known.    Hi 

Whan  more  than  10  cc  of  eoap  solution  are  required 
"f  the  wafa  i .  !5  or  10  cc.)  of  tlie  latter 

)h'  taken,  and  made  up  to  50  cc  with  recently  boiled  <hstill.-.l 
water,  »  than  16  »ip  aolution  will 

numbej  tng  the  hardness  of  the*  iUIuUmI  water  multiplied  by 

S  or  ■"'. 

When   the   water   contains   much  inu,   which    may  bo 

the  Lothur  having  a  peculi 
be  diluted,  if  necessary,  with  distilled  v  leee  than 

are  required  by  50  ba 

The  volume  <-f  standard  soap  solution  requii 
water  being  known,  the  weight  of  calcic  carbonate 
ponding  to  this  i  lined  from  thu  following  Tabic  7*: — 

'  The  table  Is  calculate*!  from  that  originally  constructed  by  Dr.  Clark,  wK.rt  ;■ 
u  follows :  — 


Decree  of  Hardness, 

■sBBSsanssl  ->r 

Soap  Bobxtloa 

0° 

(Distilled  water)  ... 

14 
M 

5-4 

2 

S 

7*4 

4 

H 

& 

114 

I 

IM 

7 

15-4 

8 

175 

9 

194 

10 

21*3 

U 

23-1 

IS 

13 

36*7 

14 

28*5 

15 

30*3 

16 

MM 

beiug  10  grains,  the  roluuie  of  water  eni]>loyod  1000  grain*,  and 
of  calcic  carbonate  in  a  gallon. 


Each  "measure1 
"  degree"  1  grain 

If  the  old  weight*  and  measures,  grains  and  gallons,  bo  preferred,  this  table  may  t# 
used,  the  process  being  exaotly  at  above  described .  but  1000  grains  of  water  take* 
instead  of  50  cc,  and  the  soap  solution  measured  in  10-grain  measures  instead  of  cubic 
ecu  time  ter*.  If  the  volume  of  soap  solution  used  be  found  exactly  in  the  second  column 
of  the  table,  the  hardness  will,  of  course,  be  that  shown  on  the  Bane  lino  la  the  first 
column.    But  if  it  be  not,  deduct  from  it  the  next  lower  number  in  the  second  column. 


when  the  corresponding  degree  of  hardness  In  the  first  column  will  gire  the  integral 
part  of  the  result ;  divide  the  remainder  by  the  difference  on  the  same  line  in  the  third 
column,  and  the  quotieiit  will  give  the  fractional  part.  Fur  example,  if  1000  grain*  of 
water  require  16 ''measures"  of  soap,  the  calculation  will  tea*  fallows:  — 
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TABLE    7. 

Table  of  Hardness,  Parts  in  100,000. 
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2 
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33 

3 
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3 
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•26 
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•49 

4 
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4 
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5 
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6 
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7 
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7 
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7 
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8 
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8 

■29 

9 
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9 
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9 

16 

9 

•44 
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60 
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140 
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1 
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■57 
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46 

1 

■76 
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■21 
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2 

•61 

2 

■92 

■34 

3 

•86 

a 

■76 

3 

20 '8 

4 

•47 

4 
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4 

■91 

4 

■34 

5 

•60 

6 

•14 

5 

1400 

5 

■40 

6 

73 

6 

•29 

6 

■21 

6 

■56 

7 

•8fi 

7 

•43 

7 

•37 

7 

■71 

8 

•99 

8 
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8 
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8 

•87 

9 
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•71 

9 

•68 

9 
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■si 
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19 

1 

'38 

1 

too 

1 
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L 

•35 

2 

•61 

2 

'14 

2 

16 

2 

■51 

3 
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3 

-ae 

3 

•33 

3 

•68 

4 

77 

4 

•43 

4 

•48 

4 

85 

5 

■00 

5 

■57 

5 

•63 

5 

2202 

6 

403 

6 

•71 

6 

•79 

6 

18 

7 

16 

7 

•8^ 

7 

•95 

7 

•35 

B 

10 

8 
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8 

1611 

8 

•53 

•43 

79 

15 
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27 

0 

16  0 

•69 

■86 

w-o 

-15  6  (   7"  LttrdneM). 

(Diflewnoe    >    (10)  '4 

llwrefort  th«  b* 

SI 

ndiksw  t»7'21  grains  o(  CaCCP  per  frslton.    The  wster 
t*r  If  necessary,  ao  thai  the  'inutility  Of  soip  mquiraJ 

must  Ins  dil ni 

»-ith4UTi!U-l  <n 

does  not  etcewl 

M  :nia>urw  in  a 

r  Jinarj  w»Ujr»,  sn<l  1 1  taatsurea  lu  «rat«r  containing  ni 

neb  magnesia. 
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When  water  containing  calcic  and  magnesic  carbonates,  held 
in  solution  by  carbonic  acid,  is  boiled,  carbonic  anhydride  is 
expelled,  and  the  carbonates  precipitated.  The  hardness  due  to 
these  is  said  to  be  temporary,  whilst  that  due  to  sulphates, 
chlorides,  etc.,  and  to  the  amount  of  carbonates  soluble  in  pure 
water  (the  last-named  l>eing  about  three  parts  per  100,000)  is 
called  permanent. 

To  estimate  permanent  hardness,  a  known  quantity  of  the  water 
is  boiled  gently  for  half  an  hour  in  a  flask,  the  mouth  of  which 
is  freely  open.  At  the  end  of  the  boiling,  the  water  should  be 
allowed  to  cool,  and  the  original  weight  made  up  by  adding 
recently  boiled  distilled  water. 

Much  trouble  may  be  avoided  by  using  flasks  of  about  the  same 
weight,  and  taking  so  much  water  in  each  as  will  make  up  the 
same  uniform  weight  Thus  if  all  the  flasks  employed  weigh 
less  than  50  gm.  each,  let  each  flask  with  its  contents  be  made  to 
weigh  200  gin. 

After  boiling  and  making  up  to  the  original  weight,  filter  the 
water,  and  determine  the  hardness  in  the  usual  way.  The  hardness 
thus  found,  deducted  from  that  of  the  unboiled  water,  will  give 
the  temporary  hardness. 

16.  Mineral  Constituent*  and  Metals. — The  quantities  of  the 
following  sul^stances  which  may  be  present  in  a  sample  of  water 
arc  subject  to  such  great  variations,  that  no  definite  directions  can 
be  given  as  to  the  volume  of  water  to  be  used.  The  analyst  must 
judge  in  each  case  from  a  preliminary  experiment  what  will  be 
a  convenient  quantity  to  take. 

Sulphuric  Acid. — Acidify  a  liter  or  less  of  the  water  with 
hydrochloric  acid,  concentrated  on  the  water  bath  to  about  100  c.c., 
and  while  still  hot  add  a  slight  excess  of  baric  cldoride.  Filter, 
wash,  ignite,  and  weigh  as  baric  sulphate,  or  estimate  volumetrically, 
as  in  §  73. 

Sulphuretted  Hydrogen. — Titrate  with  a  standard  solution  of 
iodine,  as  in  §  74.3. 

Phosphoric  Acid. — This  substance  may  be  determined  in  the 
solid  residue  obtained  by  evaporation,  by  moistening  it  with  nitric 
acid,  and  again  drying  to  render  silica  insoluble ;  the  residue  is 
again  treated  with  dilute  nitric  acid,  filtered, .  molybdic  solution 
(p.  272)  added,  and  set  aside  for  twelve  hours  in  a  warm  place ; 
filter,  dissolve  the  precipitate  in  ammonia,  precipitate  with  magnesia 
mixture,  and  weigh  as  magnesic  pyrophosphate,  or  estimate  volu- 
metrically as  in  §  69.5. 

Another  method  is  to  add  to  500  c.c.  of  the  sample  about  10  c.c. 
of  solution  of  alum,  then  a  few  drops  of  ammonia,  lastly  acidify 
slightly  with  acetic  acid,  and  set  aside  to  allow  the  precipitated 
ALP-O4  to  settle.  The  clear  liquid  may  then  be  poured  off,  the  pre- 
cipitate dissolved  in  nitric  acid  and  estimated  with  molybdic  solution. 
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Silicic    Acid.      Ariilify    ;i    lit.  r    Off     OflOTB     of     the     water     With 

\iy\-  he    residue   thoroughly. 

>isten  with  hydrooldoric  acid,  dilate  with  hat  water,  and 
filter  off,  wash,  ignite,  and  weigh  bbe  separated  &£] 

-To  the  ftltrate  from  the  estimation  of  silicic  acid  add  ;t  few 
cd  iiit i i ' -  acid,  dilute  to  about  MX)  c.c,and  aatimate  by  colour 
l  0,4 ;  or  where  the  amount  \s  targe,  add  exceed  oj 
tonio,  and  he  i1  gently  fore  ahort  tune.     Rlteroff  the  precdpil 
the  iron  in  the  washed  precipitate  volumetricall; 
00. 

Calcium. — To  the  filtrate  from  tin-  iron  estimation  add  axo 
amnionic  oxidate,  filter  ■  •!!  the  ,  ignite  and  weigh ai 

i  arbonnte,  as  estimate  voltuneti  tcafly  with   permanganate, 
in  Ji  IS. 

isium. — To    the  concentrated    filtrate    fumi   tin-   calcium 

i.l  aodic  phosphate  (or,  if  aJkalies  ore  to  1»--  determined 

tilti  i-  i  c  phosphate),  and  allow  to  stand  for  twelve 

in  -i  "aim  place.     Filter,  ignite  the  precipitate, and  weigh  as 

rophosphate,  or,  before  ignition,  titrate  with  uranium. 

a, — 1>    bed    dated  water   by    acidifying    with 

hydrochloric   acid,   filtering  tear   if    mwiwiaiy<    then 

add  -i  clear  iulphate^  and  set  aside  in  fi  warm 

\n\  white  precipitate  which  forme  k  duo  bo  bariom. 

Potassium  and  Sodium.     Tli-  t  rally  determined  jointly, 

i   fm   thi.-»  purpose  tin-  tillrat-.'  from  the  magnesium  estimation 

m, iv  be  Daed.      Evaporate  tt»  dryness,  and  heat  gently  to  expel 

icid  with  plniiii-i-  ,!■  ■  *  its,  and 
th-  lead  in  the  hot  solution  by  ammonia  and  amnionic 

Donate     Filter,  evapomb   t  i  dryness,  heat  to  expel  ammonium 
igh  the  alkalies  as  chlorides, 

■  nerally    lose    trouble    to   i  mplog    a   1 1  | 

jN.rti.-ii  of  water.     Add  to  i  liter  or  lees  of  the  water  enough  pure 

I    to  precipitate  the  Bulphuric  acid,  boil  with  pare  milk 

ef  Unto,  filter,  concentrate,  and  remove  the  excess  of  urns  with 

ami  Donate  and  a  little  oxalate.     Filter,  evaporate,  and 

ikaline  chloridi  -  in  the  filtrate.     If  the  watei  oonl 
but  lilt r  .  ili«-  baric  chloride  may  be  omitted,  and  i  tittle 

ammonia  chloride  added  t<»  the  solution  of  alkaline  chloridea 

If  potassium  and  sodium  must  each  be  estimated,  separate  them 
by  i    platinia    chloride  ;    or,    aft  r   weighing   the    mixed 

•  lil  ermine  the  .-A,  nt  in  tin-in,  and  calculate  tin* 

am  -.nun  ami  sodium  by  the  following  formula: — 

all  tin-  i  tilorii  this 

from  the  weight  of  tin  aiixed  chlorides,  and  call  the  difference  o\ 
1  '  I      5837  :  :  d  \  NaQ  present    (8i  38.) 

K    E 
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Lead. — May  be  estimated  by  the  method  proposed  by  Miller. 
Acidulate  the  water  with  two  or  three  drops  of  acetic  acid,  and 
add  ■£§  of  its  bulk  of  saturated  aqueous  solution  of  sulphuretted 
hydrogen.  Compare  the  colour  thus  produced  in  the  colorimeter 
or  a  convenient  cylinder,  with  that  obtained  with  a  known  quantity 
of  a  standard  solution  of  a  lead  salt,  in  a  manner  similar  to  that 
described  for  the  estimation  of  iron  (§  60.4).  The  lead  solution 
should  contain  0*1.831  gm.  of  normal  crystallized  plumbic  acetate  in 
a  liter  of  distilled  water,  and  therefore  each  c.c.  contains  0*0001  gin. 
of  metallic  lead. 

It  is  obvious  that  in  the  presence  of  copper  or  other  heavy  metals 
the  colour  produced  by  the  above  method  will  all  be  ascribed  to 
lead ;  it  is  preferable,  therefore,  to  adopt  the  method  of  Harvey 
(Analyst j  vi.  146),  in  which  the  lead  is  precipitated  as  chromate. 
The  results,  however,  are  not  absolute  as  to  quantity,  except  so 
far  as  the  eye  may  be  able  to  measure  the  amount  of  precipitate. 

The  standard  lead  solution  is  the  same  as  in  the  previous 
method.  The  precipitating  agent  is  pure  potassic  bichromate,  in 
fine  crystals  or  powder. 

250  cc  or  so  of  the  water  is  placed  in  a  Phillips' jar  with 
a  drop  or  two  of  acetic  acid,  and  a  few  grains  of  the  reagent  added, 
and  agitated  by  shaking.  One  part  of  lead  in  a  million  parts  of 
water  will  show  a  distinct  turbidity  in  five  minutes  or  less.  In  six 
or  eight  hours  the  precipitate  will  have  completely  settled,  and  the 
yellow  clear  liquid  may  be  poured  off  without  disturbing  the 
sediment,  which  may  then  be  shaken  up  with  a  little  distilled 
water,  and  its  quantity  judged  by  comparison  with  a  similar 
experiment  made  with  the  standard  lead  solution. 

Copper. — Estimate  by  colour  titration,  as  in  §  54.9. 

Arsenic. — Add  to  half  a  liter  or  more  of  the  water  enough 
sodic  hydrate,  free  from  arsenic,  to  render  it  slightly  alkaline, 
evaporate  to  dryness,  and  extract  with  a  little  concentrated 
hydrochloric  acid.  Introduce  this  solution  into  the  generating  flask 
of  a  small  Marsh's  apparatus,  and  pass  the  evolved  hydrogen,  first 
through  a  U-tube  filled  with  pumice,  moistened  with  plumbic 
acetate,  and  then  through  a  piece  of  hard  glass  tube  about  150  m.ra. 
in  length,  and  3  m.m.  in  diameter  (made  by  drawing  out  combustion 
tube).  At  about  its  middle,  this  tube  is  heated  to  redness  for  a 
length  of  about  20  m.m.  by  the  flame  of  a  small  Bunsen  burner, 
and  here  the  arsenetted  hydrogen  is  decomposed,  arsenic  being 
deposited  as  a  mirror  on  the  cold  part  of  the  tube.  The  mirror 
obtained  after  the  gas  lias  passed  slowly  for  an  hour  is  compared 
with  a  scries  of  standard  mirrors  obtained  in  a  similar  way  from 
known  quantities  of  arsenic.  Care  must  bo  taken  to  ascertain  in 
each  experiment  that  the  hydrochloric  acid,  zinc,  and  whole  apparatus 
are  free  from  arsenic,  by  passing  the  hydrogen  slowly  through  the 
heated  tube  before  introducing  the  solution  to  be  tested. 
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zinc. — TUi.s   metel   axista    in   wab  icArtxmate,   ocnd   on 

. ';  ■■■■ii      i  opes  vessels  i  film  of  cine  uurbotuita 

m  tli«-  surface ;  this  is  collected  OS  a  pUtinum  knife  or  foil 

ill  ignited     The  residue  is  <>f  n  yellow  colour  when  hot,  and 

tu  white  on  coaling.    The  rea  tion  Lb  ■  tax  odingly  deiii 
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5  89.    The  primary  r      ■  Ei  rain,  the  chief  imparities  In 

ire  traces  of  organic  matter,  ammonia,  and  amnionic  nitrate  derived 

•mi  the  atmosphere.     On  reaching  the  ground  11   becomes  uioro  or  less 

montsof  the  soil,  inch  ns  oakic  and  magneto 

irbonutos,  potossic  and  sodie  chlorides,  end  other  salK  which  :i re  dissolved, 

Day  of  carbonic  | 
Braining  off  from  the  1. uul.it  will  speejduj  find  its  way  to  a  stream 
Inch,  IB  r  part  of  it**  course,  will  probably  be  free  from  pollution  by 

liuul  mutter,  except  that  derived  from  any  manure  which  may  have  been 
►plied  to  the  land  on  which  the  rain  fell.  Thus  comparatively  pure,  it  will 
irntflh  to  the  inhabitant*  on  its  bank*  ft  supply  of  niter  which,  after  use, 
ill  be  returned  to  the  stream  in  the  form  of  sewage  charged  with  impurity 
rived  from  animal  excreta,  Map,  household  refuse,  etc.,  the  pollution  being 
trhaps  toesgnod  by  submitting  the  sewage  to  some  purifying  UTuCses,  such  as 

m  "f  land,  filtration,  or  clarification.    The  stream  in  Ltssubsoq 
tune  to  the  sea  will  be  in  somo  measure  purified  by  slow  oxidation  of  the 
lie    matter,   and    by    the  absorbent    action   of    vegetation,  but  not  to 
ly  greed  of   the  rain  will  not,  however,  go  directly  to  * 

im,  but  sink  through  the  noil  to  a  well.     If   ttrfl  he  shallow,  it  may 
lered  as  merely  a  pit  for  too  accumulation  of  drainage  from  the 
mediately  surrou  which,  as  the  well  ti  in  most  cases  close  to 

_-,  will  be  almost  inevitably  charged  with  exeretal  and  other  refuse; 
the  water  when  it  reaches  the  well  will  be  contaminated  with  salable 
lpurities  theuee  derived,  aud  with  nitrites  and  nitrates  resulting  from  their 
,i'l:tii"n.  After  um  the  water  from  the  well  will,  tiki  the  river  **m~tor,  form 
swage,  and  find  it*  way  to  a  river,  or  again  to  the  soil,  according  to 
■ 

In  the  CUB  of  ■  deep  well,  from  which  the  surface  water  is  excluded,  the 
us  are  different.     The  shaft  will  usually  pass  through  an  uoperviuuj 
itum,  so  that  the  water  entaring  it  will  i  ad  from  the  nun  which 

the  area^ui D  rounding  it-  mouth,  but  from  that  which  falls 

the  outcrop  or    the  psrvtoai  stratum  below   the    impervious   one  just 
teotioned;  and  if  ip  be  in  a  district  which  is  uninhabited  ami 

(cultivated,  the  water  of  the  well  "ill  probably  be  entirely  free  from  organic 
rpurity  or  product  of  decomposition.     But  even  if  the  water  be  polluted 
■  till  ii  mti-t  paai  through  a  very  extensive  filter  before  it  reaches 
ie  well,  nntl  fa  organic  matter  will  probably  be  in  great  measure  converted 
oxidation  in  leehras tmooamu. 

very  briefly  the  general  history  of  natural  waters,  and  the  problem 
certain, as  far  us  possible,  from  the  nature  sod 
"f  the  impurities  present,  the]  bistory  of  the  "iter,  and  its 

onditioti  and  atness  for  the  purpose  for  which  it  i-  to  be  used. 
It  i^  impossible  to  give  any  fixed  rule  by  which  the  iited  by  the 

hod  of  analj  I  DO  interpreted      The  SJO  |] ,-:  DUtttfoffm 

■  opinion  foreeoh  sample  from  a  consideration  of  all  the  r 
ing  remark-,  illustrated  by  rel 

hicfa  may  be  oonsiderad 
.!,  will  probably  bo  of  service.     (Sec  pages  -*2°  and  UQ  ) 

i:    i.     ' 
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TABLE   8.                                                                   Results  of  Analysts  expressed 

N,n.;  ■ 

or 

DEScnn  iimn. 

r.FXA&aa 

Sample. 

Upland   Surface  Waters. 

I. 

The  Dee  above  Balmoral,  March  Ml  Uftl 

Clear 

II 

Glasgow  Water  supply  from  Loch  Katrine — average  of) 
monthly  analyses  daring  live  years,  1878 — 81             » 
IJverpoon\«tersnpplyfromitiving1onPike>Junc4thJL86^ 
Manchester  Water  supply,  Bin*  9th,  1H74        .  . 

Clear ;   very  pals 

III. 

Hear 

IV. 

Turbid   ... 

V. 

Cardiff  Water  supply,  Oct.  18th,  1873 
Surface  Water  from    Cultivated   Land. 

Clear 

VI. 

Dundee  Water  supply,  March  ISftu,  ls~^          ... 

Turbid,  browahfcj 

VII. 

Norwich  Water  supply,  June  18th,  1872 
Shallow  We  11a. 

■ 

VIII. 

Cirencester,  Market  Place,  Nov.  4th,  1870 

Slightly  tur 

IX. 

Marlborough,  College  Yard,  Aug.  22nd,  1873  ... 

1 

X. 

Birmingham,  Hurst  Street,  Sept.  18th,  1873    ... 

1 1  taJm 
f  Very  turbid  A  o# 

XI. 

Sheffield,  Well  near,  Sept.  27th,  1870 

sive.  Swan 
f      with  bacteria, 

XII. 

London.  Aldgate  Pomp,  Juno  5th,  1872 

Clear      ... 

XIII. 

London,  Wellctose  Square,  June  &th,  1H72 

■..■l;*li 

\1V. 

Leigh,  BMW,  Churchyard  Well,  Not.  28th,  1H71 
Deep  Wells. 

\y  turbid .. 

XV. 

Birmingham.  Short  Heath  Well,  Stay  IGth,  1*73 

dear    ... 

XVI. 

Caterham,  Water  Works  Well,  Fob.  14th,  1873 

Clear 

Ditto,  Softened  (Water  supply)           ... 

XVII. 

London,  Albert  Hall,  May,  1872 

Slightly  tur 

XVIII. 

Gravesend,  Railway  Station,  Jan.  17th,  1S73    ... 
Springe. 

Clear   "... 

XI  \. 

Dartmouth  Water  supply,  Jan.  Slh,  1873 

1     . 

XX. 

Grantham  Water  supply,  July  11th,  1873 

London  Water  supply— average  monthly  analyses  dur 

ing  21  years.  18»- 

XXI. 

From  tho  Thames  ... 

... 

mi. 

From  the  Lea 

XXIII. 

From  Deep  Chalk  Wells  (Kent  Company) 

XXIV 

I »!  i !  D  (Come  Valley  Co.)  softened— thin- 1 

XXV. 

Ditto  [Tottenham)-  1                  in,  1877—8'.' 

... 

XXVI. 

Birmingham   Water   supply— average   monthly   onaly 
Average   Composition   of  Unpolluted   Water. 

sea,  1875-1880. 

xvvn 

Rain  Water            ...             ...             ...              39  sample,** 

XXVIII. 

Upland  Surface  Water         ...            ...            196      „ 

XXIX. 

Deep  Well  Water                  ...             ...             K.7      » 

XXX 

Spring  Water        ...            ...            ...                       „ 

XXXI. 

Sea  Water               ...             ...             ...              23       „ 

Sewage. 

XWII. 

Average  from  1.1  "  Midden  "  Towns,  37  analyses 

XXXIII 

Average  from  lt>  "  Water  Closet  "  Towns,  50  analyses     ... 

XXXIV. 

SaUord,  Wooden  Street  Sewer,  March  15th,  ' 

X  \  \  V 

Merthyr  Tydfil,  average  10  a.m.  to  5  p.m.,  Oct.  80th,  1*71  ) 

(after  treatment  with  lime)                                           ) 

\  VWI. 

Ditto,  ICttlnont  Water 
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in  parts  per  100,000 

. 

TABLE    8. 

Organic 

i 

Blftro- 

Nitrogen 

Ml 

ToUl 

Total 

Hardness. 

Onruiio 

Nltro- 

o 

gta  h 

KitntM 

Inorganic 

Nttfragsn 

C-oinbinp'l 

Chlorine, 

Cub  ■ 

g«u. 

Am- 
toonia. 

and 
Nitrite*. 

■ 

Tptd- 

pon  -v. 

Perma- 

i.-nt. 

Total. 

1 

•132 

•014 

9-4 

0 

0 

0 

-014 

•60 

0 

15 

15 

016 

w 

0 

•005 

•005 

•022 

'64 

— 

— 

■9 

•210 

<m 

rt 

•002 

0 

•002 

•081 

163 

'3 

8*7 

40 

■isa 

■031 

41 

002 

0 

D33 

0 

27 

27 

•212 

'031 

68 

0 

•034 

■034 

•065 

1-40 

71 

129 

MtrO 

•418 

71 

001 

•OS  I 

■i  s2 

•111 

175 

0 

6-0 

fiO 

"432 

■080 

:,( 

012 

•036 

•0-18 

*12H 

310 

21*3 

63 

266 

•Oil 

-008 

51 

0 

•362 

■362 

•370 

1-60 

18-4 

4fi 

23*0 

33 

0 

•613 

■613 

-628 

' 

1 5  8 

101 

»7 

•340 

•106 

32 

•r.u 

14*717 

16228 

16**88 

3650 

27-5 

WG 

127*1 

1*200 

-126 

95 

■001 

0 

•oyi 

"217 

220 

2*0 

1*4 

3  4 

•144 

141 

10 

•181 

t's.'.i 

7032 

7173 

12-85 

371 

40-0 

77-1 

32 

0 

26-840 

25-840 

34  60 

267 

104*0 

1910 

065 

82 

0 

5017 

6047 

6113 

1375 

14-3 

457 

600 

•000 

■004 

2-2 

0 

"447 

•117 

•451 

1-30 

ve 

51 

9*7 

•028 

oos 

31 

0 

021 

■021 

•030 

1-55 

152 

60 

212 

•016 

•003 

50 

■11 

168 

042 

40 

•007 

•066 

■073 

115 

1610 

34 

22 

56 

127 

•098 

44 

•063 

ray 

3000 

3029 

5  40 

279 

14*5 
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-ooo 

•016 

37 

0 

"330 

•330 

•MO 

2-45 

1-6 

lo-o 

11  8 

-048 

•018 

27 

0 

•833 

"833 

-851 

205 

171 

65 

236 

l!'l 

•033 

53 

0 

■210 

•210 

•243 

I-firt 

^_ 

_ 

201 

0-4 

0 

~2*'> 

■306 

-251 

i  IB 

— 

— 

20-9 

040 

•on 

IT, 

0 

-446 

•446 

•45H 

2-17 

— 

— 

2**5 

"014 

VI 

•003 

•370 

•884 

1-70 

— 

— 

8*0 

■ 

•oic 

4*2 

•054 

143 

liHJ 

285 

— 

— 

88-3 

054 

46 

•002 

*231 

■233 

■287 

173 

77 

88 

165 

015 

47 

•02-1 

•003 

•027 

•0-13 

•22 

_ 



3 

IBS 

10*1 

-001 

•009 

■01 1 

•ni:i 

1-18 

1-5 

43 

64 

081 

34 

010 

•523 

•Ml 

15*8 

9*2 

25^) 

•4X0 

•013 

43 

•001 

•383 

•397 

2  49 

110 

7*6       18-5 

106 

1  7 

•005 

•033 

*im 

1075-6 

48-0 

7480  '  796-9 

Suspend**]  Matter. 
Mineral.  Oryauie.  Total. 

1975 

2*1 

0 

i  i7« 

6  151 

11-54 

17  81 

21-30     SfrU 

8  8  * 

21 

5*520 

•003 

6  608 

7  728 

1060 

21  18 

20-51 

u-oia 

POM 

14 

E  108 

0 

13102 

20  50 

18  88 

26*44 

13 

1 1 0 1 

052 

1106 

j  *  ft 

6*25 

7-88 

656 

14  44 

•123 

031 

40 

048 

•300 

379 

260 

1 

122 


Total   Solid  Matter. 

Water*  which  lea*    n  '  tie  on  evapoi 

for  general  domestic      rp*>v«  tlmn  those  which  r.onuii 
and  arc  unfit  for  n      •'  manufacturing  purpose*.     The  nuiouni 

I  riiii:ir\  ini[  lvitt-r  for  *teaiu 

quantity  of  i£ it-itiou 

vary  considerably,  "rota  rmv  unnatural  pollution  of    lL< 

'-  principally    *** the  nature  of  the  soil  tbrou 

'<-r.  when  but  slightly  polh  una  generally 

from  10  to  40  parts,     S     How  well  water  varii 

bo    160   parte,  or  even  more,  a*  in  example*    V  and   XIII,  Ibc  pm| 
here  depending  leas  on  toe  nature  of  tfa  inil  poUotMu 

of  the  water.     Deep  well  »:ii   :  rabh  .  it  iimj 

.     ■    ■        :        .['I-.,      bul        till 

ii-_'  largely  njif-ii  the  nature  of  the  strata  from  which  the  ■ 
;  ■•  XV.,  being  in  the  New  Red  Sandstone,  has  a  im 
portion,  but  XVII.  anil  XVIII.  in  the  Chalk  have  a  mm 
Spring  waters  closely  resemble  those  from  di 

■  in  DO  to  l<  — •-,  and  rrtquanbVj 

u  in  example  XXXIV.    The  total  solid  matter,  a*  a  rak 
Mini  of  the  c 

;ilcuhited  u  nitrate,  and  the  chkjrL 

ihis  Is  not  the  on  presence  oj 

the  calcium  as  calcic  nitrite  or  cbi 


Organic   Carbon  or  Nitrogen. 

The  ■  i  mdition  of  the  sample. 

concerned,  must  be  inferred  from  thu  amount  a 
a  good  water,  suitable  for  dot 
ordinary  circumstance-,  axoo  d  0*2  and  toe  tatter  002  part. 

W  it-  ttoxa  districts  oonta 
leas  brown,  and  contain  an  u 
peaty  matter  is  probably  innocuous  unl  The 

proportion  of  organic  carbon  and  nitrogen 
unpolluted  upland  mtrfai  •  wat<  r  in  T 

.ind  gathering  grounds  arc  verj  uuaptei 

given  (I,  to  \  ,)  n  en  as  Fairly  repn 

-urHice  rotas  free  from  any  large  amount  of    ;  Ucr.      I" 

waters  From  cultivate 
■  ■ 
organic  manu  proportion  being  about  v  : 

carbon,  aud  004-  to  0*05  part  "f  organic  nitrogen.     The  rater  [rum 

ries  so  widely  in  its  rharacti 
average.     In  many  cases,  us  for  exam  pie  in  XIII.  and  \  I 
comparatively  small,  although  the  original  pollution,  as  shown  by  '■'■■- 
inorganic  nitrogen  and  the  chloride-,  was  very  large;  tin 

: 
VIII.  and  IX.  tlie 

the  organic  carbou  and  nitrogen   have  boon  redi  i 
quantities.     On  the  other  hand,  in  XI.  the  proportion  v 
enormous,   the   oxidizing  action   of    the    surroi 
insullicienl  to  deal  with  the  pollution.     The  . 
shallow  well  waters,  which  contain  when  analyzed 
organic  mnHer,ariaes  chiefly  from  the  liability 
Change  of  weather  and  nmnj,  othei 

ion  ^f  the  water,  which  at  the  lime  of  ti 
be  efficient.    Moreover,  it  is  by  no  meai 
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arfaioh  would  be  sufficient  t'i  reduce  the  organic  matter  in  a  water  to  a  very 

ompetent  to  rem< 

disease.     Hence  tho  greater  tho  impurity  of  the  source  *     i  water  the  greater 
the  ri.-k.  attending  it-  ni 


..'■1 


i  ■(»  veil  waters  the  quantity   of    .  i       .  md   nitrogen  also 

lerully 
I  irt  carbon  and  0*02  part  nitrogen  (XX  I  \  ). 


extend*  through  :i  low,  t! 


|?erage  being  ahout 
tho  condition*  are 
-lant,  and  if  surface  drainage  be  ea  P   the  mm  tft  tin* 

■tier  is  of  leas  uuportaoce.    Springs  En  una.  ;w  ii-      at   other  respect*, 
resemble  deep  wells;  the  water  frmn  them  bw  iowev<  r,  some- 

what purer.    In  m 

contain  orj  and  I  ho  j  arts  of  org  i 

(XXXII. and  X'WIII.).  ».;it  Hi.-  i-..r  ■!-  per}  great     [nth-  table,  XXXIV. 

;  tuple,  and  XXXV.  i  weak  ouo.    Tho  eiHuont  water  from 

land  irrigated  with  sewage  Is  usually  analogotu  to  waters  from  shallow  valla. 

□uah'tj  varies  greatly  according  to  the  character  of  the  sewage  and 

■nditioiw  of  tho  irrigation. 


Ratio  of  Organic   Carbon  to    Org-anic   Nitrogen. 

The  ratio  of  the  organk  oarbon  to  the  organic  niirogeu  given  in  the 
seventh  cohtmn  of  the  table  (vhiah  ihowi  the  Fourth  tana  of  tfie  proportion 

1  rurbon  :  :  1    :  *),   is  of  gn 

the  nature  of  the  organic  matter  presi  nt. 
this  1*  "i   vi  giu,  tho  ratio  is  very  high,  and  when  ot  anima] 

however,  be  qualified,  on  aeooanl  of 
the  different  effect  of  oxidation  on  animal  i  .1  ri  aatU  nUattanoaa,  [tii 
found  that  when  01  itter  of  vegetable  origin,  with  a  high  ratio  of 

carbon  to  idlzcd,  it  loeee  oarbou  more  rapidly  than 

that  the  ratio  M  reduce  nnoxidizeu"    peaty  waters  exhibit 

-t  B  in  so  or  even  more,  ■  ho  average  betag  ebooJ  LB; 
whereas,  the  water  origina  ting  peatv  maiter,  Tartai 

CrMD  eboi  '  :  about  .'('2.    Wh* 

.1,  the  ratio  being  banreaaed  by  oxidation, 

1  Muted  upland  surface  waters  the  ratio  varies  from  about  6  to  12,  but 

it  may  amount  t«.  80  or   more.     In  v  ber   from 

cultivated  land  it  ranges  from  about  4  to  lu,  averaging  about  6,    In  water 

(t  varies  from  about  2  to  8,  with  on  average  ol  i 

.-mi  this  rn  directions  ore  very  frequent.     In  water 

from  deep  well-  and  springs,  the  ratio  varies  from  aoonl  2  t<>  6,  with  as 

of  4,  being  low  on  account,  probably,  • 
which  it  baa  been  subjected,  which,  as  has  been  stated  above,  removes  carbon 
i  nitrogen.    In  -  lion  reaches  a  navi 

daAnitely  prolonged,  snd  the  i 
I  -7.    T:  bly  complicated  by  tho  presence,  in  somooaees,  of  multitude 

of  minute  living  organiama.     In  sewage  the  ratio  ranges  from  about  1  |o  -'t, 
■  111  u. 
When,  in  the   wee  of  a  water  containing  much  nitrogen  as  uitratceand 
i  anally  low,  incomplete  destruction  of  nil 
mention  maybe  suspected, and  the  est 

r  thiscontii  r  contain  any  oonaiderable Quantity 

.   it   is  well  nnmeucing  the    evaporation  in  the  first 

Dcient  for  this  repetition,  adding  to  it  the 
of  lulphuroi  -  acid. 

Nitrogen   as   Ammonia. 

is  derived  almost  exclusively  Gran 
wide  limits.    In  i 


■ 
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xU  O'OO*  part,  tin 
part.    In  water  from  cultivated  land  tin-  average  is  about  o 
i  sing  from  »i7  t*>  (T025  part 
wells  Hi'1  variation  i- 
rtate  :i  one  from  ail  to  aa  mui 

served,     lit  water*  from  deep  well*  a  v 

to  01  part  or  even  ruore, 
port,  and  ilif  variations  considerable.     In  spring  water  it.  L< 

01  port  of  uit roy 
part,     s  rta,  but  oocaaio: 

:i>  '.t  nr  in  parts,  the  average  !  imonia  i»  re» 

lit  nitrates  and  nitrite*,  and  hence  it- 
Lndioatei  the  absence  <»r  m 

matter.    That  aometinn  d  water*  from  wry 

deep  wells  is,  however,  probably  duo  t<»  subsequent  •  !> 

Nitrogen   as   Nitrate*  and  Nitrite*. 

Nitrates  and    nitrite*    -ire    produced    by   the    oxidation    tpf    uiiro 
organza  matter,  and  almost  always  from  animal  matter.     In  up 

the  proportion  varies  from  nil  to  0*06  part  or  vn 
the  majority  of  bb  races  (1 

being  about  O"O0D  part.      In   surface  waters    from  oultivsti 
quantitj  is  much  greater,  vary  ■•  I  pari, 

the  average- be  in-.:  about  0  -.'.  port.     The  proportion  in  shallow  walk  i.<  u-u*lh 
much  greater  still,  ranging  from  mV,  which  n  .-  mwa 

as  25  iwrt.*.     It  would  be  prob 

from  2  to  S  parts  occur  moal  frequently.     In  wat< 
I  ,  .  .  ..  . 

average  being  about   O'G  part.     In  spring  water  the  i 
is  iii  loop  vul  water,  but  Uu  rhaj  Lower. 

Ii    MRnetamea  hapiKms  that,  whan  the  vuppl 
at,  the  organic  matter  in  water  is  oxidised 
nitrate  and  occasionally,  if  the  quantities 

promrtionod,  they  are  mutually  dc 
This  reduction  oi   i  ifteu  occurs  i 

in  that   from  wells  in  the  Chalk  beneath  London  Cla 
often   totally    destroyed.      In   sewage*,    piitrcl 
this  condition  the  ultra  tea 
UQiformly  that   it  is   probably   needless   t"   attempt    tin  i 
except    in    sewages    which    are    very    weak,    or   for   otli 
abnormal.     Out  of  a  large  number  of  sampli 
found  which  contained  ain  nitrate?,  anil 

Nitrite^    ocenrr 
dcoxidatiun  <1  nitrates  by  ferrous  oxide,  or  certain  form*- 
of  a  nannies*  nature;  but  whenever  they  occur  in  nhallow 
water,  they  may  be  of  much  ijreutcr  siguifim 

oases  i^  most    probably  due  t<i  recent  sewa  Ii  waWf* 

must  be  Looked  upon  with    ;  ion. 


Total   Inorganic   Nitrogen. 

When  organic  matter  is  oxidised  it  is  ultimately  resolved  in) 
mbetui "''**..     In  carbon  appears  as  carbonic 
it«  niti  ■    i 

with  the  bases  always  present  in  w 
carbon  nnd  hydrogen  are  tint-  clearly  beyond   the  r 
the  m  ■  | blinds,  as  has  bra 

and  furnish  us  with  a  means  or  w 
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hirli  was  formerly  pre-  water,  but  which  has  already  undergone 

decomposition. 

am  of  Hi'*  amounts  of  nitrogen  band  In  these  three  fori 

and  valuable  torai   in  tins  amlvsis.  the 
1     relating  to  the  ml    the  total  inorganic   nitrogen  to  1  lit' 

iter.     Since  ammonia,  nitrite*,  :ind  nitrate*  in  quite 

Umoeuoua,  the  total  inorganic  nitu  not  indicate  actual  evil  like 

i     it  is  evident  th;it  the  iin» 
tor  which  contains  much  nitrogen  in  these  Torino  depends 
wholly   on   the    permanence  of  the   conditions   of  tern} 

through  --'til,  ©tc.,   which   bava  broken  up  the   original  organic 
matter,    if    these  shouh:  ODM   fail,  the  paxt  contnininatinn 

pmaUj  \h>  appearing  in  the  organic  form,  the  water  being 

loaded  in  all  Likelihood  with  |  a  md  contagious  matter. 

In    upland   surfst  --V  Ij  i- - ti   have    not   been   contaminated   to  any 

extent  £  poUutaon  the  total  inorganic  Ditrogan  rarely  exceeds  0*03 

part.    In  water  from  cultivated  ditti  aster,  raugiuK  as 

nigh  as  1  part,  tin*  average  of  a  large  number  of  sample?  being  about  022  part. 

generalisation  for  *Ii:ill  ,  as  the  pro- 

portion depend*  upon  local  circumstances.  The  amount  is  usually  large  and 
way  ttu  I    to  Example  XIII..  the  enormous  quantity  of  twiily-fivc 

jart*  per  100,000.   "Water-      :  t roi  |  art;-  are  very  commonly 

!  r  from  deep  wells  and  springs,  quantities  ranging  up  to 

3"5  parte  have  been  observed,  the  average  oua1 

u *>  pari  for  deep  wells  and  about  0*4  part  for  springs.  It  must  be  re- 
membered that  the  conditions  sttflndfng  deep  wells  and  springs  are 
remarkably  permanent,  I  ouut  of  lihration  which  the  water  under- 

goes before  reaching  the  well  i  suing  from  the  spring  is  enormous. 

Meteor^  have  either  r  one  so  small  and  slow 

ej  not  b  purifying  aotioni  which  may  be  Ukiug  place. 

All  oiii  My  shallow  wells,  are  on  lb 

baud  subject  to  considerable  changes.    A  sudden  storm  after  drought  will 
■  sntities  of  polluting  matter  into  tho  water-course;  or  dissolve 
the  filth  which  baa  been  concentrating  in  the  pore-*  of  the  soil  daring  the 
dry  season,  and  carry  it  into  the  well.     Basil  indications  therefore  of  a 
d  nrc  very  serious  in  surface  waters  and  shallow  well  waters, 
of  less  moment  in  water  from  dee]  and  springe;  the  present 

r   of  these  being   of  chief  importance,  nose  whatever  dogi 

be  observed,  may  usually  be  trusted  a--  panaausnt.  The 
7. -rni  "total  Eaorgsnk  nitrogen"  lias  boon  onosen,  chiefly  beuausa  it  is 
based  on  actual  results  or  analysis  without  the  introduction  of  any  theory 
whatever.  It  will  be  seen  that  it  ftttrwplHVh  very  nearly  with  the  term 
•■age  or  animal  contamination,"  which  was  introduced  by  Dr. 
Franklin  d,  and  which  was  employed  in  the  aaeond  edition  of  thmwork. 

few    terms   have    been    moi  oily   mUuml  inJ  mis- 

led than  tb  '  is  hoped  that  the  new  term  will  be  less 

t;ai>lc  to  mi-<iM  option.  It  will  be  remembered  that  the  ■■  previous  sewage 
oontsmil  i  a  water  was  calculate«l  by  multiplying  the  sum  of  the 

I  -\  10,000,  and 
lueti  0  i    product,  the  number  thus  obtained  repa 

animal  oontanunotion  of  the  water  in  t  Filtered 

It  was  purely  conventional,  for  the  preportioi 
nitrogc  l  to  be  10  parts  per  100.00U. 

i    1 867  it  was  actually  8*4  1  1  1809  onlv  7  ports. 

adaotioD  of  320  was  made  t*»  correct  for  the  aversga   imount  of 
rogen  in  raiu  water,  and  t lii*s  is  omitted  in  ■  ting   'total 

1-   the   following   reason 
10  composition  of  ram  water  at  different  times  and  under 
■ 'iimstauces  very  considerable,  and    it  appears    (<•   obscure   tho 
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mee  fll  tlto  results  of  aoqI'.  '.  pure  water*  to  uedip 

:.ll    tli.-  -  mi. 

i    in  unpolluted   tnirfiu  Ls  ..nlv  Onll    part    {\W 

cannot  be  desirable  to  npplv  u  amounting  to  iicnrrjr  three  utw 

that  average,  and  so   jiwev  a  water    which   contains  0032    part    i 

ittoffen  en  the  sanio  level  none  which  i 

previous  pollution. 

Chlorine. 

it  as  sodic  chloride,  but  o  r,il  baa  beco 

mention  moat  likely  us  .  II 

cases,  d  i.  but  more  usually  from  animal  excreta  (In 

oouuiini  ubout  60  ".000),  and  U  therefore  n  dojd 

n  forming  ft  judgment  as  to  the  chai 
polluted  river  and  ipring  waters  tu  one-part;  average 

swigs,  about  el-  dlow   well    pi  tain  aoy 

...     trace  up  to  i 
scarcely  affected  by  any  i  [titration  through  soil;  that,  the  effluent 

waWr  from   land    irn LTit^l   with   > 

i 
cent  rated   by  evaporation.     Of   course,  attention  should  be    .- 
geological  nature  a!  the  district  from   which  the  w 
from  the  sea  or  other  sourc< 

origin  d1  the  chlorine     Under  or>l  uinine 

more  than  three  or  tour  parti  "i  ohloriue  should  be  regarded  wil 

Hardness. 

This  is  chiefly  of  importance  as  regards  the  use  of  the  water  forcli 
and  manufacturing  toilers,    ll 

as  to  whether  hard  or 

tanpoi   ■  i'l  to  be  that  due  to  carl 

is  i'-  not   quite  corn 
water  «il!  still  retain  about  three  parts  of  carl- 
ami   therefore  when  the  total  hardness  exceeds   thru*  parts,  that  amount 
should  be  deducted  from  Lbe  permanent  hard  new  and 
in  order  to  get  the  quantity  of   carbonate  iu  solution.     But   tin 

rary"  hardness  properly  »p| 
may  be  removed  by  boiling,  nnd  hence,  if  the  tota]  hardness  I 

is   usually   no  temporary.     As   the    hardness  dopensj 
toil  through  and  over  which  i  passm, 

til  urifona  in   it  ore  very  great;    thi  ati  least 

hardness,   followed    in    approximate    order    by    that    fi 
Cambrian,   Silurian   and    Devom&t 

i  ■     :i  Measures,  Bfountuh 

Chalk,   XAa  Dolomite,  the  average   in  the  caw 

being  *_'  L  porta,  and  of  the  last  41   parts.      As  animal 
ooiuderablo  quantity  of  lime,  highly  polluted  waters  are 
bard.     Water  from  shallow  w  up  to  nearly 

900  ports  of  total  I  Kit T.).    No  nneralismtion  ran  ho  modi 

the  proportion  of  perm  o  temporary  hardness. 

Suspended    Matter. 

Thi-  is  of  a  lew  degree  of  importance  ths  lilhertocon* 

Prom  a  sanitary  point  of  view  it  is  of  minor  interest,  because  it  ma  | 
must  cases  readily  and 
mattei  is,  however,  nf  considerable  mechanical  impo  rds  the 

lbe  river  bed  by  its  gradual  depu 
as  regards  the  choking  of   the  sand   fill 


NATURAL   WATKKS   AOT   SEWAGE. 


Don 

K    1( 


suspended  matter  is  at  times  positively  injurious,  tod  always  favours  the 
irrmvth  til   minute  argai  I 

the  determination*  which  have  been  described,  it  il  believed  that 
found  judgment  as  to  the  -  i  iter  may  bo  made,  and  the 

ii'Miid  bard  itani  with  n  ten  rompleto  examination.    If, 

from   lark   of   time   or  other  cause,  so   much   cannot    be   done, 
bly  safe  "pinion  may  be  formed,  omitting  the  determination  ■  I 
solid  matter,  and  organic  carbon  ami  mtrogeo.    But  it  must  not  be  foi 

at  fen  the  inquiry  is  liiuiuM  I  ...  to  the 

of   that  which  wag  formerly  present,  but  ho*  ail 
-i  ibs  to  noes.    IT  still  \>>->  um>t  Kiffli 
i  -    may    bfl  iug    to 

by  that  of  chlorine,  bat  espi  I  ban  be 

ooroe  of  the  latter  by  examination  of  th"-  di 
degree  of  mineral  origin,  no  opinion  can  bo  formed  from  ii 
anio  pollution.    At  best,  n  slight  an  ■ 
at  little  vahw,  and  considering  the  rapidity  frith  which  the 
IWgau  can  be  determined  by  the  indigo  process,  the  saving  of 

8  would  be  very  - 


General   Considerations. 

In  judging  of  the  character  nf  a  sample  of  \  ttention  m 

id  to  the  purpose  for  which  it  i-  proposed  to  bo  used.     The 
odysl  i!v  i<>  de  side  broadly  whether  the  water  tfl  good  or 

rl ;  as,  for  example,  in  ■  lorof 

(own  supplies.    Water  which  would  be  fairly  wall  suited  for  the 
inner   might  l>e   very   objeotfonabta   fa  r,   where   it   would  bo 

:    tfl  ;i  certain  extent   for  manufarturn  which 

ng  or  cooking  may  ho  used  for  certain  kinds 
•us;  but  it  must  not  be  forgotten,  that  unless  gnj 
bf illness  are  exercised 

ted, and  especially  it'  the  objectionable  n         i    oi  trar  at  band 
I  iM   tor  this  reason,  prol 

■  i  pi v  on  a  large  soak  in  a  town,  oven  if  the 

. 
here  great    a  aeceanrr,  eapMtaHjf  if  the  oil  ■    the 

It*  possible,  aunplai  should  be  examined  at 
d  the  vi-ur;  and  care  should  ; 

oueotod  as  Dearly  aa  possible  simultaneously  and  in  a  normal 
i  ral  character  of  ;i  water  i-  most  satisfactorily  shown  by 
analyses;  and  for  this  reason  the  ai 
leg  of  Loudon,  taken  from  Um   EEajportl  of  Dr. 
'rankhiinl  to  the  Registrar  General,  of  Qui    i  Df.  MilN.nnd  of 

nrminguoui  by  Dr.  Hill, are  included  in  thfe  bible,    Binrwatan  should, 
rule,  not  b  i  ediately  after  :i  heavy  nan  whan  they  are  in 

r  a  dry  season  will  often  foul  a  river  more 
in  a  moofa  heuvier  and  more  prolonged  downfall  after  average  weatboR 
ed  fnmi  :i  town  Qfiing  of  a  heavy 

h    foul,  the   solid    matter  which   baa  been 
simulating  on  the  rides  ol   the  sewers,  and  in  corners  and  rnroiwwin, 
t  out  b  -  stream. 

tent  in  quality  must  also  be  considered,    A 
til»i*l  water  moy   generally   be  rendered  vleor  by  filtration,  and  tfaj 

i  on  in  the  quantity  of  organic  m 
;  rapid  filtration  througb  n  ial  will 

'  solid  susi  .to  pass 

r\  slowly  through  u  more  efficicnl  ay  large 
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proportion  "f  tii.  -and,  animal 

I,  anil  spongy  iron  are  aO  inn-   for  Hue  Bemoan,    'Flip  gem 

ejo<  i 

ii.     If  the  «.tt.  nily  a  small 

MtD  unrated,  the  quantity  of  oxygen  in  solution  ffirtent, 

anil   the  filtratiou   rony  the  i  but  in  many  instances  thi* 

t lie    0000,  and    it   is   then    uoccseary    that    the    fi; 
i         tteot,  the  watei  wd  at  interval!*  lo  drain   ofl 

filtering  material  in  order  tin  may  be  well  arreted,  i 

in  fit  for  work. 

by  Clark's  process  generally  removes  a  k: 

[Vble  H,  \VI  )  frvm  M'lutiim,  it  li  I  down 

with 

It  is  evident  that  no  very  definite  distinction  can  be  drawn  hcrn«*n  deep 
and  shallow  well-.     In  i 

more  than  100  feet  deep,  but  there  are  man 
qualify  this  definition.     A  deep  well  may  bt  '/■   as 

ili.*  miter  En  which  hoi  filter* 
material,  and  whither  the  shaft  of  such  B  well  hollow  will  depend 

'•ii    rinnimstanccs.     If   the   shaft    passes   throuuh  a  bed 
impervious  stratum, and  the  surface  water  abov 
well  should  be  elassed  as  "deep,"  even  if  the  shaft  is  onljf  ■  feet  hi 

be  water  in  it  must  have  pass 
below  the  clay.     Ou  the  other  Ii  deep  tin-  .-haft  .»f  a  well.it 

be  oanadared  a**  "shallow"  if  water  can  enter  the  abaft  near  the 
I  targe  i-ro-k-  or  Baaurai  give  free   passage  i 
the  rock  in  which  the  well  is  sunk.     With 
the  water  from  wells  way  often  bo  improved.     Every  care  should  b 
to  c.xoludo  surface  water  from  deep   wells;  that  is  to  say,  nil 
strata  within  about  100  feel   from  the  surface  or  above  the  first  impervious 
bod.    In  very  deep  wells  which  pass  through  several  such 

iter  from  eo/'h  group  of  pen  as  this  often  varus 

So  quality,  and  if  the  supply  i*  suffloient,  exclude  all  but  the  fa 
In    shallow    wells   much   may  occasionally  be  accomplished    in  a 
■    by  making  the  upper  part   of   the  shaft    water-tight.      It 
desirable  Thai  the  surface  for  some  distance  round  the  well  shoul 
with  el  |  ad,  or  otherwise  rendered  impervious,  so  as  to  increase  the 

thirknc*s  of  the  soil  through  which  the  water  ha*  to  pass.     Drain*  pasnaff 
uiir  the  well  should  be,  if  possible,  diverted;  and  of  course  cesspool- 
be   either    abolished,   or,   if    that    is   unpracti  aoved    to  as 

ram  the  well   as  is  possible,  and  in  addition  mu 
water-tight,    Changes  suoh  ai  'i  the  and  n 

conditions  attending  =i  shallow  well,  but 
Ripply  should,  if  possible,  be  abend  igerotu  at 

Clark's   Process   for   Softening  Hard  Water. 

Tin-  patent  right  of  thin  process  liaviug  expired,  the  public  are  free  b 

Tins  method  oi  L  water.    It  hi 

only  applicable  to  water  which  owes  ils  hunim 

>'  carbonates  hc-M  iu  solution  b>  i 
hard n^n).     Water  whir h  owes  its  hardness  to 
{permanent  hardntsi)  cannot  be  thll  but  any  h 

on  boiling  for  half  an  hour  will  lie  softened  to  lark's 

process.    The  hnrd  water  derived  from  chalk,  1 
L'tnorally  well  adapted  for  this  upi-rutiMii, 

To  soften  700  gallons  of  water,  about  oue  ounce  of  -pncklirm 
for  each  ]Mirt  of  temporary  hardnen  in  IOo.OOO  part-  i 
of  quicklime  requi  ked  in  a  pailful  of  wet 
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i  ined,  and  pour   it    immediately  into  the  - 

50  ^al!i.iu«  of  the  water  to  bo  softened,  taking  euro  to 
jvc  in  Iht'  pail  any  heavy  M'dimi'tit   t  lint  may  have  settled  to  the  hoi  torn  in 
]  between  the  stirring  and  pouring,    F1U  the 
jail  again  with  water,  and  stir  and  pour  U before,     The  remainder  of  tho 

i  water  mud  then  be  added,  or  allowed  In  run  into  the 
from  the  supply  pipe.     If  the  rush  of  the  water  does  not  the 
tho  contents  o4  the  ourtevn,  this  must  be  accomplished   by  itirrfng  with 
a  luitable  wooden  paddV  ,    The  water  will  now  appear  very  milky,  owing  to 
■i]'il:uioii    of   the  chalk  which    it    previous 

r  with  an  equal  q  I  chalk  which  i*  formed  from  the  quiok> 

dded. 
At''-  or  three  home  the  water  will  be  -qifficicntly  clear 

for  weaning;  but  to  render  11  aongh  for  drinking,  at  least  twelve 

boon1  quired.    This  process  ool  only  loftemi  water,  but  it 

to  a  great  extent  objectionable  organic  matter  pn 
The  proportion  of  lime  to  water  may  ho  more  accurately  adjusted  during 
the  running  in  of  the  hard  water,  by  taking  ■  little  water  from  the  cistern 
rvaki  in  a  small  white  cup,  and  adding  to  it  a  drop  or  two  of  solution 

r,  which  will  produce a  yellow  or  brownish  ooiooki 
there  is  lime  present  in  excess.    As  soon  us  this  becomes  very  faint, 
and   just   about    to  disappear,    the    flow    of  Water   must   be  stop|fd.     The 
be  removed  by  filtration  in  n  very  short  lime  after  the  a. 
lime,  and  on  the  large  ecetlfl  this  may  be  done   with  irrcut  rapidity  by 
retw,  as  in  Porter's  piooeee.      Thu  latter  method   of 
ipidly  softening  and  purifying  water  is  the  invention  of  J.  Henderson 
r,  C.K.,  Queen  V  rest,  Tjcndcn,  whose  ■Boaraiufl  is  largely 

in   use    for    publu-    water    supplier   aud    for    BOfteniny 
tfmfoeturing  processes,  and  the  prevention  of  boiler  [ncmstationa,  etc. 
to  the  origind  Clark  process  are,  the  larg^  space  required 
mixing  and  Mttling  tanks,  and  the  time  required  for  subafdi 
precipitate.     On  the  contrary,  in   Porter's  prooBf  I    Qocrjpied  i> 

email,  and  the  clarification  immediate.      The  results  are  admirable,  and  are 
ived  at  a  very  moderate  cost. 

lother  apparatus  devised  by  M.M.  Owl  llet  and  Huet,  of  Lille,  consist* 
a  lofty  tank  containing  i  Brief  of  atoning  troughs,  The  waver  after 
Efig  With  the  doe  proportion  of  lime  water  pisses  slowly  downwards 
through  the  tank  and  deposits  all  the  carbonate  precipitate  in  the  trough*, 
from  which  it  Ota  be  run  <iff  as  mud.  The  process  la  thus  continuous  and 
eery  convenient  in  dealing  with  large  volumes  of  water. 


METHODS  OF  ESTIMATING  THE  ORGANIC   IMPURITIES  IN 
WATEE  WITHOUT    GAS   APPARATUS. 

i  methods    of    estimating    tin-    organic 

Impurities  in  potable  waters,  though  very  comprehensive  and 
tnietworth}  ol  occupying 

f  tune,  and  necessitate  the  use  of  a  complionl 

I  apparatus,  which  tno  always  in- within  the  reach  <-f  the 

[►emtcr. 

No  information  ofo  sl^cUy  reliable  character  as  to  the  oatazoof  the 

!  from  the  use  of  standard 
mnnai  origiiinlly  di  vised   by  Forsahammer, 

nnl  tin-  same  remark  applies  to  the  Ices  on  ignition  ol  the  residue, 

t-tli  "f  winch  have  been  in  past  time  largely  used. 


r:;n 


VOLUMKTKir    : 


Tin-  Forschali  *ygen  process,  h.-v* 

LetHeby,  and  furtiit*r  elaborated  by  Tidy,  maj 


The    Oxygen    Process. 

This    pruo-rw    At  |"'ii«Is    UpOM    tin    i  |     ->f    tin-    amount"' 

oxygon  required  to  oxidize  tin*  organic  and  other  oxidizaljlc  i 
in  ii  known  volume  of  water,  slight)  witli  pu 

acid.     For  this  |  I  ml  solution  of  joUi-s-sir  pi 

is  employed  in  excess,     The  unoan!  of  unchanged  p^nnauganate, 
after  a  given  tin  lined  by  means  of  a  wlutic 

hyposulphite,  by  the  help  of  tin-  iodine  and  starch 

Tidy    ml  Fi  ankland 
with  pure  distilled  water,  aide  by  -i<l<'  with  the  san 

la  tin-  time  'luring  which  tin-  sample  of  i  tuld  In* 

■  l  to  the  action  of  the  permanganate,  authorities  somewhat 
diner.      It  is  manifest  that,  if  tin-  water 

-mil  as  nitrites,  f'  ts,  or  sulphuretted  hi 

immediate   reduction   of    tin-   reagent   will   occur,  and    Ti 
.I  to  regfetej  tin-  reduction  which  occurs  in  three  mini 
tin- known  absence  of  iron  and  sulphuretted  hyd 
nitrite*.      Tin-  same  authority  adopts  tin-  plan  <-f    ,  . 

ttions,  one  at  the  i  u  i  uour  ami  another  at.  the 

hours,  ;it  the  ordinary  temperature  of  the  laboratory  (sav  60" 

Kahr.  or  16"  C). 

Frankland  admits  this  proves  to  lie  the  liest  volume! 
i:i  existence  for  tin ■  estimation  of  organic  matters,  bul 
one  experiment  lasting  three  houra  (also  at  ordinary 
The  Water   Cnumittee  of   the  Kocietj   "t"    I*ubl 
Britain  and    Ireland  have  udoptcd    tin-    pel 
minutes  and  four  hours  for  the  duration  of  tin-  experiment,  at  the 
t  BCT  l'ahr.  or  27'  C  * 


•Dapr^  in  further  cotnineat  on  the 
out  this  tnethod  [Au.d^tt,  j.  UK),  and 


tors  M  which  it  is  advisable  U 
to  the  reactions  involved,  points 


fenfire  which  haa  in  nil  probability  impressod  itself  upon  other  operator-!,  thi 

.i>.  rt ft  el  of  chlorides  when  present  iu  any  quantity.    It  is  evident  that  if  in  this 

esse  the  permanganate  is  used  st  a  high  temperature  and  in  open  vessels,  chlorine  will 
be  liberated;  port  escaping  into  the  air,  ana  the  rest  nullifying  the  reducing  effect  of 
any  organic  matter  present  on  the  perms  mrsnato.     If.  however,  the  exper: 

ted  st  hitch   tomperatiiro  in  a  cloeed  vessel,  the  probable  error  i»  elimi  uated, 
because  the  chlorine  is  retained,  and  subsequently,  when  cool  and  the  pobu- 
ndded,  the  free  CI  liberates  exactly  the  same  amount  of  Iodine  as  would  have  been  set 
free  by  the  permanganate  from  which  it  was  produced.    It  thus  becomes  possible  to 
catimate  the  amount  of  oxidiz&Me  organic  matter,  even  in  sea  water.     In  order,  how. 

reduce  the  probable  error  from  the  presence  r>f  chlorides,  Dunr*  j  - 
carry  on  tbeeiperiment  at  a  very  low  temperature,  in  fact,  as  near  0"  C.  or   ; 
possible,  and  uvea  phoephoric  acid  in  phtoe  of  nuliihnric  (2,SD  «m.   glacial  acid  to  tlie 
liter;  10  c.c  of  which  is  nscd  for  each  quarter  or  imlf  liter  of  water).     The  sample  .» 
cooled,  the  reagent  added  in  a  stoppered  bottle*,  ami  kept  in  an  rmlinary  refrigerator 
for  twenty -four  hours.    Thn  itmu  operator  very  rightly  condemns  the  practice  adopted 
by  Mime  chemists,  especially  tboae  of  Qermany,  of  boiling  a  water  with  permanjftMt* 
uud  !- ulpburir  acid.     The  presence  of  chlorides  in  varying  proportions  luust 
case  totally  vitiate  the  results. 
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Duprd    has   carried   ou  menta   (AnaIyM%    \n.    1),   the 

•  >f  which  iuv  in  favour  of  the  modifications  adopted  by  the 
'onuniUee.     The  ehief  conclu  ,t  mi — 

<  I  ;■    Ti.  ^  practically,  no  dt  tion  of  port  takes 

•  iv  hours  whan  at  80" 

■ith   perfectl]    pore   water  an«l  the   usual  proportion   of  pure 
mlphuric  acid. 

1,  :ili  dturt  or  redadng  atmospheric 
influence  i*  syoi< 

(2)  Tin-  standardizing  <»f  the  hyposulphite  and 

ad  from  time  to  time,  musl  !»«•  mude  in  a  el 

in  tin-  it  has  been 

found  tli;it  when  the  titration  h  made  slowly  in  an  open  beaker 

.■as  hyposulphite  is  required  than  in  a  stoppered  bottle.    This  is 

:  to  ;i  trifling  loss  "f  iodine  by  evaporation- 

(3)  That   with    very    pun-  waters    no   practice]   diifareni 
noduced  by  a  rise  or  fall  of  temperature,  tin-  same  resulte  t>  tag 

i  at  32    V.  as  at  HO"  F.    On  the  other  hand,  with  polluted 
pollution,  the  greater  the  difierenae 
i  the  amounl  of  oxygen  abaorbed  aocord  i  i  LperatnTe, 

(4)  Aa  to  tiim-,  i:  little  different ma  in 

i|  waters  between  three  and  four  hours'  digestion  ;  but  with  bad 

.'«-n  a  very  com   lei  ooi    tee  in  the  -  i 

I  thus  Duprc*  doubts  whether  oven  four  horns'  digestion  suffices 

mpure  wan  i 
Tin'  necessary  standard  sections  for  working  wees  will  be 

h  '1  further  on. 

Comparison  of  the  Results  of  this  Process  with  the  Combustion 

Method. — I  n.mnot  do  better  than  i|ii"t  i  Im.  Frank  land's  remarks 
on  this  subj  atained  in  bis  treatise  on  Water  Anatytit.' — 

"The  b  oxygen  procssa  are,  Brat,  that  Its  indEoatioiu  are 

MijKinittvo,  and  not  absolute;  amd^  second,  thai  it^  oomnsriso&fl  are 
OS  when  the  organic  matter  compared  u  substantially  identical  in 
mnosil 
"  For  awnj  years,  indeed,  after  Una  uriMsai  was  fli>t  mtzoduced,  Um 

■•of  potash  was  tacitly  assumed  to  extend  lo  the  oomplsta 
inic  matter  in  the  water,  and,  therefore,  Lh  n  lull  of  the 
lerally  suited  u*  'the  amount  of  oxyojen  required  to 
rj'whitsl  somoch  loyed  the  number 

obtained  to  calculate  the  actual  weight  of  organic  matter  in  the  s  ri 

■  d!  ;tll  kinds  of  organic  saattar  raquirtd 

lii  of  oxygen  for  their  complete  oxidation. 

unptions   have  been  conclusively  proved   to  be  entirely 

llaciotH,  i'-r  ■  ■  riio.-ni  illy  demonstrated  !■  upon 

town  quniitites  of  organic  substances  dissolved  in 

Nation  either  between  the  absolute  or  relativo  weight  of  different  otganio 

jou  which  such  ^mganatc  of 
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**  Nevertheless,  in  the  periodical  examination  of  waters  from  the  same 
source,  I  have  noticed  a  remarkable  parallelism  between  the  proportions  of 
organic  carbon  and  of  oxygen  abstracted  from  permanganate  of  potash. 
Thus,  for  many  years  past,  I  have  seen  in  the  monthly  examination  of  the 
waters  of  the  Thames  and  Lea  supplied  to  London  such  a  parallelism  between 
the  numbers  given  by  Dr.  Tidy,  expressing  '  oxygen  consumed,'  and  those 
obtained  by  myself  in  the  determination  of  '  organic  carbon.* 

"  This  remarkable  agreement  of  the  two  processes,  extending  as  it  did  to 
1,418  out  of  1,686  samples,  encouraged  me  to  hope  that  a  constant  multiplier 
might  be  found,  by  which  the  'oxygen  consumed '  of  the  Forsohammer 
process  could  be  translated  into  the  'organic  carbon*  of  the  combustion 
method  of  analysis.  To  test  the  possibility  of  such  a  conversion,  my  pupil, 
Mr.  Woodland  Toms  made,  at  my  suggestion,  the  comparative  experi- 
ments recorded  in  the  following  tables : — 


1.— BItot  Water. 


Source  of  Sample. 

Oxyirsa  x      C 

Organic 
carbon  bj 

Chelsea  Company's  supply 

0-098   x   2-6    = 

0*256 

West  Middlesex  Co/s  „        

0-116  x  2-5    = 

0*291 

Lambeth  Co/a            ,,        

0*119  x  2-48  = 

0*282 

South  wark  Co/s          „        

0*121   x  2-22  = 

0*269 

New  River  Co.'s          „        

0-076  x  2*4    = 

0*183 

Chelsea  Co.'s  second  sample 

0*070  x  2*69  = 

0*188 

Jjunbeth  Co/a         „            

0*119  x  1*99  = 

0-234 

NewEiverCo/s      „            

0107  x  2*26  = 

f 

0*221 

"  As  the  result  of  these  experiments,  the  average  multiplier  is  2*38,  and 
the  maximum  errors  incurred  by  its  use  would  be  —  0*021  part  of  organic 
carbon  in  the  case  of  the  second  sample  of  the  Chelsea  Company's  water, 
and  +0  049  part  in  that  of  the  second  sample  of  the  Lambeth  Company's 
water.  These  errors  would  practically  have  little  or  no  influence  upon  the 
analyst's  opinion  of  the  quality  of  "the  water.  It  is  desirable  that  this 
comparison  should  be  extended  to  the  water  of  other  moderately  polluted 
rivers. 


II.— Deep  Well  Water. 


Source  of  Sample. 


Kent  Company's  supply 
Colnc  Valley  Co.'s  „ 
Hodgson's  Brewery  well 


Oxygen 
oouaumed. 


*   § 


0015  x 
00135  x 
0*03       x 


5*1  = 
69  = 

53  = 


Organic 

carbon  by 

combustion. 


0077 
0-094 
0158 


"  The  relation  between  '  oxygen  consumed '  and  *  organic  carbon'  in  the 
case  of  deep  well  waters  is  thus  very  different  from  that  which  obtains  in  the 
case  of  river  waters,  and  the  average  multiplier  deduced  from  the  foregoing 
examples  is  5'8,  with  maximum  errors  of +0*01  of  organic  carbon  in  the  case 
of  the  Kent  Company's  water,  and  —  0'015  in  that  of  the  Colne  Valley 
water.    Such  slight  errors  are  quite  unimportant. 

"Similar  comparative  experiments  made  with  shallow  well  and  upland 
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Tace  waters  showed  amongst  themselves  a  wider  diverge*  tated 

au  average  maltipliu  ot  2*88  for  shallow  well  wutor.  :>i'i  :  i v  the 

leu  '  tor  moderately  polluted  river  water,  and  18  for  upland 

face  water. 

Iu  the  interpretation  of  the  resulU  obtained,  cither  by  theForaehammer 
combustion  process,  the  adoption  of  a  scale  of  or^iui*'  purity  is  of  ton  useful 
thf  ninU  >■!,  although  a  classi!  | 

OS  derived  from  tin*  nther  analytical  data.     It 
iftfanri  nseeaaary  \  irate  and  more  liberal  scale  be  upland  mirfaco 

.1  -  organic  matter  ■  very  innocent  nature,  and 

rivi-tl  from  loarei  a  in  ion  by  Eymotio  poisons. 

Subject  to  modification  by  the  other  un;ilyti<~.i!  date,  the  following  scale  of 
ion  has  been  suggested  by  Dr.  Tidy  and  myself: — 

Section  I.— Upland  Surface  Water. 
Class  I.       Water  of  great  orgauir  pur>tu,  atajrbmg  from  jn 

potash  not  more  than  01  part  of  oxygen  per  100,000  parts  of  water,  Or  <>  "7 
Ion, 

Class  II.      Water  of  medium  purity,  absorbing  from  0*1   to  0  3  part  of 
per  100,000  parts  of  water,  or  0*07  to  0*21  grain  per  gallon. 

Class  III.     W*Ur  of  doubtful  purity,  absorbing  from  03  to  0*4  p  i 
«>.  or  i.ji  (0  0*28  grain  per  gallon. 

" Class  IV.     Impure  water,  absorbing  more  than  04  part  per  lOO.OoO,  or 
'2t*  gr.tiii  ]-  i 

Section   II.— Water  other   than    Upland   Surface. 

Class  I.     Water  of  great  organic  purity,  absorbing  from  permanganate 
b  not  more  th  m  0*05  part  of  oxygen  per  100,000  part-*  or  water,  or 
13  groin  per  ^illon. 

Class  II.      Wtder  of  medium  purify,  absorbing  from  005  to  015  pari 
of  oxygen  per  100,000,  or  0035  to  0*1  grain  per  gallon. 

"Class  HI.      Water  of  doubtful  purity,  absorbing  from  0*15  to  0 
per  100,000,  or  01  tu  0"15  grain  per  gallon. 

"ClasalV.     Impure  voter,  absorbing  more  thnn   02  part   of   oxygen 
>r  100,000,  or  0*16  groin  per  gallon." 


The   Albuminoid   Ammonia  Process. 

ad  Smith  are  tin  author      I     i     »vil- 

ftown  method  ol  ig  the  quantity  of  nitrogenous  ocgooic 

in  water,  which  cl  penda  upon  the  conversion  of  the  nitrogen 

m  fa  i  into  ammonia]  when  distilled  with  on  alkaline 

JuttoD  of  potosaic  permanganate  (/,  0,  S,  E867,  591). 

The  authors  have  given   the  term  ''AJbaminoid  ammonia™  to 

■  I  from  ni  matter  by  the        i1  the 

te,  doubtless  In  i  ni  the 

-»•-*  wen    nuulr  with  nllmininoufl  ;  but  the  authOTB 

ived  thai  ammonia  may  be  obtained  in  u  similar  wot  bono 
variety  of  nitrogenous  urganio  substances,  such  u  tappazte 
trychiune,  morn  n,  1 1  ■. 

■■■i    of    nil 

f    F 
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yielded  by  any  one  substance  when 

permanganate  appears  to  be  d  I  subatau 

different  proportions  of  their  nitrogen.     Tin 

oarcoUne  yield  tli"  whole,  but  strychnine  anil  morphii  ■ 

hall  «>f  t.ln-ir  known  propoi  trogen.     Hem  i 

nuimjrical  iv.sult.s  thus  obtained  dapendi  ootiroly  on  Um  amu 

that  tin*  11  i  organic  iimtt**r  in  wafc 

and  tin-  authors  say  that  in  a  river  \*>V. 
■    "the  disintegrating  animal  refuse  would   1m-  j 
r.'.l  by  t«'ii  times  tin'  albuminoid  ammonia  which  i 

It  ia  stated  by  the  authors  that  the  albuminoid  ammonia  from  a 
really  good  drinking  water  should  not  exceed  0*008  part  in  100,000. 
The  k\  erage  of  fifteen  samples  "f  Thames  wau 
by  the.  various  Water  Compan 

aamples  aupplied  by  the  New  River  Company  00068  j 
100,000. 

The  necessary  atandiml  solutions  aud  directions  foi  \ 
ptDCflBB  will  be  -  n  (page  437). 

The   Kjcldahl    Method   for   Ortranic    Nitrofftsn    in   Water*. 

Tlii-  method  has  been  used   I ■-.    I  >rown  and  Martin  | 
27:2)   with   apparent   suocess.      These   uperatora   found    tl 
presence  of  nitrates  and  nitrites,  us  occurring  in  ordii 
did   not   interfere  with  tin*  accurate  estimation  «>f   the   organic 
nitrogen,  probably   owing   to  the  state  of   dilution   ... 

The   accuracy  of    the   method   was   t<  -  known 

weights  of  ammonia,  urea,  uric  acid  and  napthj  bat  n<> 

comparison  of  the  results  with  waters  was  made  aide  b; 
the  combusts  m  method. 

The  Analysis ;  5QQ  c.c.  of  tbfl  water  is  jHiured  into  u  roiiiul 

of  about  900  co.  caoacity,  and  boiled  until  800  ao.  na?a  base 
The  free  ammonia  which  ia  thus  expelled  may,  if  desired,  be  determined  bv 
i omit-  ling  the  flask  with  n  condenser.     To  the  roinaininj.*  water  in  the  fliu 
is  added,  after  cooling,  10  c.c.  of  pure  concern  After 

shaking,  the  flask  is  placed  in  an  inclined  position  on  wire  game,  on  &  ring- 
•stend,  or  ntber  convenient  support,  and  boiled  cautiously,  in  a  good-dniru>£ 
hood,  until  all  the  water  is  driven  off  and  the  concentrated  sulphuric  acid  in 
white  or  a  very  pale  yellow.  The  flask  i-  then  removed  from  the  flame  And 
a  very  tittle  powdered  i-enn  u  added  until,  on   shaking,  the  liquid 

■uires  a  green  colour,  allowing  that  an  excess  of  thi  n.ito  has  been 

added.    Should  the  colour  he  purple  instead  of  green,  it  m  bs  water 

has  not  all  been  driven  off.     After  cooling,  200  t-.r.  of   wat* 
ammonia  are  added,  the  neok  or  the  flask  being  washed  free  from  a- 
then  loo  i.-.e.  of  njiUc  hydrate  •  solution.    The  flask  is  immediatelv  connected 
with  the  condenser,  and  thru  shaken  to  mix  tbo  contents. 


*  Tbo  eodie  hydrate  nolutiou  i*  made  by  dissolving  300  giu.  of  commercial  »«fti> 
Hoia  of  «ood  quality  hi  1*25  liter*  of  distilled  water,  adding  3  fin.  of  pntue&c  prr- 
maufanate,  and  boiling  down  to  eoroewbat  leu  than  a  htar.  When  cold,  the  eolation 
is  made  np  to  a  liter.  The  addition  of  tbe  pcrmouganate  la  to  oxidize  aaj  oi-josac 
ibiub  ntOL/  be  i>reseut  In  the  caoatic  soda. 


§  9L 
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The  di  ii  conducted  rutin*  ltowtj,  and  the  BnJ  E 

condensed  iu  very  dilute  hydrochloric  told.    The  content.-"  »>f  the 

■i  bo  boiled  more  ESpuuy  until  150  o.c.  to  175  0.6.  hnvc  altogether 

D  collected.    The  tohil  dlstQlsSfl  is  made  up  to  250  c.c.  with  Nate  fret* 

>iu  amnion  in,  wsll  mixed,  nnd  50  c.0,  taken  for  Ne^lerimtion ,    No  aeriou* 

tculty  has  been  encountered  from  btunpin^  when  boiling  the  :tlknHue 

iutioii.    The  n$o  of  metsIBfl  one  in  the  fliwk  to  facilitate  the  boiling  i-,  of 

\  UlSdSUasEble,  on  sosonat  of  the  reduction  of  nftnrtflfl  u.nd  nitrites, 

-iil'l  i   ■  ammonia. 

bVfnrc  baghminffS  determination  the  water  in  the  flask  x*  boiled  until  tho 

ilbte  shows,  on  Ncs^lorizntion,  that  the  apparatus  is  completely  free  from 

Into  the  flask  which  receives  tho  distillate  there  ii  pal  I  c.c.  of 

p  dilute  hydrochloric  arid  and  50  6*0.  of  water.     Tho  delivery  tube  dips 

:   liquid  only  during  the  collection  of  Un  lir-i  50  0.0.  of  the  distillate. 

le  flask  i«  then  lowered  M  thit  the  tube  remains  aboro  tho  liquid  for  the 

g  time  of  the  distillation. 
In  can  he  operation,  the  most  scrupulous  care  inuri  be  observed 

tin:;  access  of  ammonia  from  any  source.     The  acid  solutions  will 
rb  ammonia  from  tho  air  of  the  laboratory  or  from  the  dust  of  the  room 
thoy  are  allowed  to  remain  >r  any  length  of  time.     This  source 

r  has  been  found  at  times  to  be  very  lsrgSi  quite  enough  to  render  a 
determination  valueless.    One  experiment  gave  a  gain  of  ammonia  in  twenty 
uirs,  by  leaving  the  flask  uhieh  contained  the  concoutrated  sulphuric  acid 
icovered,  equivalent  to  O'B  CO.  of  the  standard  amnionic  chloride  solution, 
"  at  another  time  the  i;ain  MM  't  - 

The  operation  should  therefore  beram'rdcml  without  inUrruption.nml  for 
rery  dsSBRBJ  nt  of  determinations,  a  blank  analysis  with  ammonia- 

free  water  should  be  made  for  a  correction  for  the  ammonia  in  the  reagents 
and  that  aixidentaUy  introduced  in  the  process. 

1  methods  of  estimating  the  organic  constituents  in  1  ranking 

the  processes  at  Ditttnar  sad   Robinson,  and  «»f 

'upTr  nnd  Hake;  buses  tin-  results  ure  sosisdy  obtained  by  the 

no-.-,  and  not  by  volumetric  means,  Qu  render  is  reJesend  t«-  the 

kiI  papers  contributed  U*  the  Journal  of  tin-  Chemical  Society. 


PKEPAHATION    OF    THE    REAGENTS    FOE    THE    SANITAEY 
ANALYSIS    OF    WATERS    WITHOUT    GAS    APPARATUS. 

§  91.    The  Water  Committee  of  the  801  u iv  of  Public  Analysts 
tritoin  and   Ireland  bave  drawn  ttji  some  very  concise 
as  fur  tin'  practice  of  water  analysis  for  suitaty  i-miioees, 
ted  upon  well-known  processes,  t]  bia]  parts  of    which 

given,  below.    Thoi  uch  as  the 

10-grain  measure  instead  "f  the  groin,  stc 
ii  here  of  these  directions  in  full,  or  near]  -arily 

esses  which  have  been  already  described  in 
1  but  it  avoids  cross-references  and  at  the  same  time  \ 
tight   practical    modifications    which,   u>   some    operators, 
le.     The  Committee  recommend  tin*  n*sulU  to  be 
;   impcrw]  gallon;   but  what'1  m  of 

lightl  individual   analyst   may   use,   a  slight 

1  ible  him  to  state  the  results  in  any  required  way. 

K    I    li 
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Besg-ents  for  the  TtottnmtloTi  of  Chlorine. 

Standard  Solution  of  Silver  nitrate. — Dissolve  4*7887  parts  of 
pure  recrystallized  silver  nitrate  in  distilled  water,  and  make  the 
solution  up  to  1000  parts.  The  solution  is  to  be  standardized 
against  the  standard  solution  of  sodic  chloride,  and  adjusted  if 
necessary.  1  cc.  =  0-001  gm.  of  chlorine,  or  1  dm.  —  0*01  gm.  of 
chlorine. 

Standard  Solution  of  Sodic  chloride. — Dissolve  1*648  part  of 
pure  dry  sodic  chloride  in  distilled  water,  and  make  the  solution 
up  to  1000  parts.  1  cc  contains  0*001  gm.  chlorine,  or  1  dm.  = 
0*01  grn.  of  chlorine. 

Potassic  monochromate. — 50  parts  of  potassic  monochromste 
are  dissolved  in  1000  parts  of  distilled  water.  A  solution  of 
silver  nitrate  is  added,  until  a  permanent  red  precipitate  is 
produced,  which  is  allowed  to  settle.  This  removes  any  accidental 
chlorine  in  the  salt. 


Beag-ent  for  the  Estimation  of  Phosphoric  Acid. 

Molybdic  Solution. — One  part  pure  molybdic  acid  is  dissolved 
in  4  parts  of  ammonia,  sp.  gr.  0*960.  This  solution,  after  filtration, 
is  poured  with  constant  stirring  into  15  parts  of  nitric  acid  of  1*20 
sp.  gr.  It  should  be  kept  in  the  dark,  and  carefully  decanted 
from  any  precipitate  which  may  form. 


Reagents  for  the  Estimation  of  Nitrogen  In  Nitrates. 

Concentrated  Sulplmric  acid. — In  order  to  ensure  freedom  from 
oxides  of  nitrogen,  this  should  be  kept  in  a  bottle  containing 
mercury,  and  agitated  from  time  to  time,  which  will  ensure  their 
abseucc 

Metallic  Aluminium. — As  thin  foil. 

Solution  of  Sodic  hydrate. — Dissolve  100  parts  of  solid  sodic 
hydrate  in  1000  parts  of  distilled  water.  "When  cold,  introduce 
a  strip  of  about  100  square  cm.,  say  fifteen  square  inches,  of 
aluminium  foil,  previously  heated  just  short  of  redness,  wrapi>ed 
round  a  glass  rod.  When  the  aluminium  is  dissolved,  boil  the 
solution  briskly  in  a  porcelain  basin  until  about  one-third  of  its 
volume  has  been  evaporated,  allow  it  to  cool,  and  make  it  up  to  it? 
original  volume  with  water  free  from  ammonia.  The  solution  must 
be  tested  by  a  blank  experiment  to  prove  the  absence  of  nitrates. 

Broken  Pumice. — Clean  pumice,  broken  into  pieces  of  the  size 
of  small  peas,  sifted  free  from  dust,  heated  to  redness,  and  kept 
in  a  closely  stoppered  bottle. 
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Hydrochloric  soil  free  from  Ammonia. — If  the  •  •r.Hnnrv  paw 

id  is  n.-t  fri  il  should  bo  distQIed,    As  only  two 

drops  are  used  in  each  experiment,  it  will  be  sufficient 

i-iitv  does  not  contain  an  appreciable  proportion  of 

. 

ate  Solution.— Dissolve  .10  porta  of   pure  copper 
f  distilled  water. 

Mftfadlii    Zinc     As  thin  foiL     Tliis  should    be  kept  in  ;i  dry 
ioflph  i  jved  us  far  ts  possible  from  oxidation. 

Standard  Solution  of  Ammonk  chloride  (see  below). 

Kesaler's  Solution  (see  below). 


H—genti 


for  the    Estimation   of    Nitrogen 
Albuminoid  Ammonia. 


as    Ammonia    and 


ted  Standard  Solution  of  Amnionic  chloride.—  Dii 
■IB  parts  of  pure  ainmonic  chloride  in  1000  parts  of  distilled  water 

lard   Solution   of    Ammonk   chloride- — Dilute   tin*  above 
iih  pun    distilled  water  to  100  times  it*  bulk.    Tins  sohita 
i    comparison   in   Nesslerurfnft  and   contains  one  psj 

iii'im  (MI ')  in  100,000,  or  y^  nugm.  in  each  c.c 

Solution.     I liflsolvc    35   parte   of   j-Mitassic   iodide   in 

if  water.     Dissolve  17  parte  "f  mercuric   chloride  in 

of  water,     The  liquids  may  1  ed  to  aid  Bolution, 

i   oled.     Add  the  latter  solution  t«>  tin-  former 

itil  o   permanent   precipitate   is  produced.     Then   dilute  with 

20  per  cent  solution  of  sodic  oi  potaasic  hydrate  t"  !000  parts; 

il  in-  ■,■>  mil  •  <-lil<'ii'li'  s<-iuti"ji  until  »  p  rraaneat  precipitate  again 

i.iml  till  settled)  and  decani  off  bni  lutson. 

n-  bulk  should  be  kept  in  an  ao<  uxately  stoppered  bottle,  and 

quantity  tn  from  time  to  time  to  a  small  bottle  foi 

Lution  improves  by  keeping.     It  will  In-  noticed  that 

half  the  strength  <  I  th given  on 

course  a  larger  volume  has  t<-  1m>  used  in  teal 

Bodii  \  20  per  cent   solution  "f  recently  Ignited 

Alkaline  Permanganate  Solution,     I  liesolve  300  parte  of  ■» 

■    ic  permanganate  in  1100  parte 
ed  water,  and  boil  the  solution  rapidly  till  concentral 
pai 

•  fivr  from  Ammonia  (■  7"i). 
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Beatents  tor  the  XstimaUon  of  Oxynn  absorbed. 

Standard  Solution  of  Potassic  permanganate. — Dissolve  0*395 
part  of  pure  potaseic  permanganate  in  1000  of  water.  Each  cc. 
contains  0*0001  gnu  of  available  oxygen,  and  each  dm.  contains 
0-001  grn. 

Potassic  iodide  Solution. — One  port  of  the  pure  salt  recrystallized 
from  alcohol,  dissolved  in  ten  parts  of  distilled  water. 

Dilute  Sulphuric  acid. — One  part  by  volume  of  pure  sulphuric 
acid  is  mixed  with  tliree  parts  by  volume  of  distilled  water,  and 
solution  of  potassic  permanganate  dropped  in  until  the  whole 
retains  a  very  faint  pink  tint,  after  warming  to  80°  F.  for  four 
hours. 

Sodic  thiosulphatc. — One  part  of  the  pure  crystallized  salt 
dissolved  in  1000  ports  of  water. 

Starch  Indicator. — The  best  form  in  which  to  use  this  is  the 
alkaline  solution,  page  116. 


Beaarenta  tor  the  Xstinuktlon  of  Hfcrdno— 

Concentrated  Standard  Solution  of  Calcic  chloride. — Dissolve 
1*144  gin.  of  pure  crystallized  calc-spar  in  dilute  hydrochloric  acid 
(with  the  precautions  given  on  page  380),  then  dissolve  in  water, 
and  make  up  to  a  liter.  On  the  grain  system,  a  solution  of  the  same 
strength  is  mode  by  dissolving  11*44  grn.  of  cole-spar  in  1000  dm. 

Standard  "Water  of  8°  Hardness. — This  is  made  by  diluting  the 
foregoing  concentrated  solution  to  ten  times  its  volume  with 
freshly  boiled  and  cooled  distilled  water. 

Standard  Soap  Solution  (is  made  precisely  as  directed  on  page 
380). — It  should  be  of  such  strength  as  just  to  form  a  permanent- 
lather,  when  18  c.c.  or  dm.  measures  are  shaken  with  100  cc.  or 
dm.  of  water  of  8°  hardness.  The  following  table  will  then  give 
the  degrees  of  hardness  corresponding  to  the  number  of  c.c.  or  dm. 
measures  employed. 


c.c.  or  din. 

c.o.  or  dm. 

Hardness. 

Measures. 

Hardness. 

Measures. 

0° 

0-9 

5° 

12-0 

1° 

2-9 

6s 

140 

2° 

5-4 

7° 

160 

3" 

7-7 

8° 

18-0 

4? 

9-9 

After  which  one  degree  =  2  cc.  or  dm.  measures.     This  is  the 
last  solution  recommended  by  Dr.  Clark,  and  differs  slightly 
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\  er,  ifl  wry 

jawigrri*  i  pt  in  the  rat  two  stages  ■»{  tin-  tabla. 


The  Analytical  Processes. 

Collection  of  Samples.—  The  same  or  directed  on  page  381. 

Appearance  in  Two-foot  Tube. — The  colour  or  tiut  of  the  water  must 
be  ascertained,  by  examination,  in  a  tube  two  feet  long  and  lira  haol 
diameter.  This  tube  should  be  made  of  glass  as  nearly  colourless  as  may  be, 
and  should  be  covered  at  each  end  with  a  disc  of  perfectly  colourless  glass, 
cemented  on,  an  opening  being  left  for  filling  and  emptying  tho  tube.  This 
opening  mny  be  made,  either  by  cutting  ■  huH-segment  off  tho  glass  disc  at 
!,  or  by  cuttings  small  segmental  section  out  of  the  bubs  itself,  before 
Demented  on.  These  tubes  are  most  conveniently  kept  on  hooks 
horizout.'il  position  to  prevent  the  entnnoe  of  dost 
The  tube  mint  be  about  half-filled  with  the  water  to  be  examined,  brought 
a  horizontal  position  level  with  tho  eye,  aud  directed  toward.-  a  well- 
illuminated  white  surface.  The  comparison  of  tint  has  to  be  made  between 
the  lower  half  of  the  tube  containing  tho  water  under  examination,  and  tho 
Upper  half  containing  atmospheric  air  only. 

Smell.— Put  not  leat  than  three  or  four  ounces  of  the  water  into  a  clean 
[ht-ouj  *  othed  riopnend  ghee  bottle,  which  baa  been  previously 

nth  the  same  water.    Insert  ih-  id  warm  tho  water  in  a 

bath  to  100°  F.  (3Sa  C .).    Remove  the  bottle  from  the  water  bath,  rinse 
ide  with  good  water  perfectly  free  from  odour,  and  shake  it  rapidly 
seconds;  remove  the  stopper,  aud  immediately  observe  if  the  water 
smell.     Insert  the  stopper  again,  and  repeat  this  test. 
ten  tho  water  has  a  dutinrt  odour  of  any  known  or  recognised  ppflnfctng 
r,  such  a-  peat  or  sewage,  it  should  be  so  described;  when  this  is  not 
I   be  reported  amply  u  nonet,  vnq  ,'ht,  or 

marked,  as  tho  ease  nun 

Chlorine. — Titrate  at  psail  100  0,0,  nr  dm.  of  the  Water  with  the  standard 
silver  uHrate  solution,  either  in  n  white  poroshun  basin  or  in  a  glass  vessel 
Hiding  on  a  porcelain  slab,  using  potaaaia  I'hromato  as  an  indicator.     The 

■  1  as  follows  :— The  simple  of  water  is  measured  into 

tin  nr  beaker,  and  1  an.  or  1  dm.  of  potassie  chromate  solution  added. 

standard  silver  nitrate  solution  is  then  run  in  cautiously  from  a  burette, 

itil  the  red  colour  of  the  precipitated  silver  chromate,  which  is  always 

?rvod  at  the  point  where  the  silver  solution  drops  in,  is  no  longer  entirely 

:harged  on  stirring.    Tho  burette  is  thou  road  off.     It  is  best  to  repeat 

to  experiment,  as  follows: — Add  a  few  drops  of  dilute  sodic  chloride  solution 

to  the  water  I  .,  which  will  dfsnharge  the  red  colour.    Measure  out 

Tresh  portion  of  tho  water  to  be  titrated  into  another  basin,  and  repeat  the 

he  first  sample,  the  colour  of  which  has  been  discharged, 

by  side  with  the  second,  »  x«t  to  observe  the  first  permanent  indication 

uf  dijfWenc*  oX  colour.     If  tho  quantity  of  chlorine  be  so  small  that  still 

icy  is  necessary,  the  titration  may  be  conducted  in  the  saine  way 

Inscribed,  but  instead  of  the  operator  looking  directly  at  the  water 

wtaining  the  chromate  solution,  he  may  place  between  the  basin  containing 

le  water  and  nil  eye,  a  fiat  glass  c  ; at  tinted  with  the 

chromate  solution  to  the  same  tint  as  tho  water  which  is  being  tested,  or  may 

look  through  a  glass  coated  with  a  gelatine  Glm  coloured  with  the  same  salt 

(see§41i      Cam  hibsI   always  be  taken  that  the  water  is  a?  ueorly  neutral 

ible  before  titration.     If  originally  acid,  it  should  be  neutralued  with 
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lime.     If  (ho  -*  Una 

iter,  »i 
timation,  and  to  concentrate 
Mp.*  water  Imlli   before  titrating  It,  so  as  to  brhi 

i  I         nation  may  be  pwrfonned  bjr  jlMght 

Phosphoric   Acid. — The    ignited    toad    residue,   obtained  a*    hereafter 

fi  h    drops  i 
rendered  insoluble  by  eraj^r  ryneas.    The 

up  with  (i  few  drop*  of  dilute  nlta  >mc  water  tod  the 

solution  is  filtered  through  a  filter  previously  washed  with  dilute  nitric 
acid.    The  filtrate,  which  should  measure  3  c.c.  (or  6  d'. 
3  c.c.  of  mot  \ '  ■  l  ■  u  1 1  i  y  warmed,  and  net  aside  foi 

at  a  temperature  of  80"  E     The  remit  is  reported  as  "tiacee/"  ' 
traces,"   or   "very   heavy   traces,"  wben    a    colour,   turbidity,   or 
precipitate,  are  respectively  produced,  after  standing  for  fifteen  minutes. 
Another  method  is  given  00  page  416. 

Nitrogen  in  Nitrates.— This  DM  ftined  by  one  of  the  following 

processes :  vis.,  Crumt  Copper-zinc,  Aluminium,  or  Indigo.    Analysts  should 

M  DB  M  employed, 

Onm  Prove**. — This  is  described  ou  page  40G,  or  it  may  be  carried  out  in 
a  Lunge's  nitrometer  as  follows :— 250  c.c.  ur  din.  of  [be  water  mwt  be 

burin  to  2  c.c.  or  3  dm.  measure.     A  I  i 
i«  charged  with  mercury,  and  tbe three- way stop^oclc  closed, both  torn* 
tube  :uid  waste  pipe.     The  concentrated  nitrate  is  poured  into  the  cup  at  thr 
t<.p  of  the  measuring  tube,  and  the  i-i  ined  it  riu* 

of  water.  ;iii'l  the  contents  added.    The  gtap-ooek  is  opened  to  th 
tube,  and,  by  lowering  the  prewuro  tube,  the  liquid  is  drawn  out  of  the  cup 
into  the  tube.     The  basin  is  again  rinsed  with  5  c.c.  of  pure  ilphuri" 

add,  lad  tail  ll  also  transferred  to  the  cup  and  drawn  into  the  measuring 
tube.    The  stop-cock  is  once  more  closed,  and  12  c.c.  more  sulphuric  n 
into  the  cup,  and  the  stop-coco'  opened  to  the  measuring  tube  until  it 
acid  have  passed  in.     The  excess  of  acid  is  discharged,  and  the  copal 
pjtpsj  rinsed  with  Water.     Any  gas  which  has  collected  in  the  ineosur 
is  expelled  by  opening  the  stop-cock  and  raising  the  pn 
care  no  liquid  escapes.    The  stop-cock  is  closed,  the  measuring  tube  taken 
from  its  olamp    ind  shaken  by   bringing  it  slowly  to  u  ui  irTj    ho 
position,  and  then  suddenly  raising  it  to  a  vertical  one.    Thi 
continued  until  no  more  gas  is  given  on",  the  operation  being,  as  a  rule, 
ste  in  fifteen  minutes.    Now  mixture  oi  of  water 

with  five  parts  of  sulphuric  acid,  and  let  it  stand  to  cool.      \ 
pour  enough  of  this  mixture  into 

of  the  column  of  acidulated  water  in  ihc  working  tube,  bring  I 
side  by  side,  raise  or  lower  the  pressure  tube  until  the  mercury  i*  of  the  same 
level  ui  both  tubes,  and  read  off  the  volume  ol 

of  nitrogen  see  page  400).     This  volume,  expressed  i  1  corrected  to 

normal   temperature  and  pressure,  gives,  when  multiplied   by  0*178,  the 
nitrogen  iu  nitrates,  in  grain*  per  gallon,  if  1!50  cj  .  "1    the  \*:t' 
been  used. 

Copper-tine  Prove**  (already  described  on  page  408). 

Aluminium  Prove**. — This  is  carried  out  af  follows:— 50  c.c,  or  Ll 
of  the  water  .-ire  introduced  into  a  ret    I  it  100  dm.  of  a  1 

it  solution  of  caustic  soda,  free  from  nitrates,  added.    If  necessary,  the 
content*  of   the  retort  should    i  I   until    the 

ammonia.      The   retort    is    then   cooled,   and    a  ,,    f«»il 

introduced  into  it.    The  ucck  of  the  retort  h  inclined  upwards,  an  I 
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mth  ol  i  perforated  cork,  the 

a  small  ah]  iletnm  tub*1  filial  with  powured  pumice  or  glass 

uetted  with  very  dilute  hydrochloric  ncid  free  from  ammonia.    Thin 
•  onnected  with  a  second  tube  r  e  stone  moi- 

i  tli  strong  sulphuric  add,  wliifh  servo-  to  prevent  any  ammonia  from  I  In- 
entering  the  apparatus,  whHi  u  rtend  to  this  way  for  a  few 

or  overnight.     The  eon  ten  tit  of  the  lir-t  absorption  tube — that  next 
>rt— are  washed  into  the  retort  with  a  little  distilled  water  free  from 
lia,  aud  tho  retort  adapted  to  a  iiniidiiiiaer     The  contents  of  the  retort 
(tilled  to  about  half  the  volume.    Tho  distillate  i-  -"Heeled, 

)d  an  aliquot  port  Nes.-lcrized ;  and,  if  HUH  Hill  J.  the  n*-t  ol   the  d 
diluted,  and  an  aliquot  part  again  Nesslorized  as  hereafter  dire- 

Jadii/o  Procew*  (already  described  on  paw  239). 


Ammonia,  Free  and  Saline.— The  estimation  of  nmmonia  present  in 
the  water  in  a  free  or  saline  form*  and  of  that  yielded  by  the  nitrogenous 
matter  present  in  the  water  (commonly  called  alhuminoid  ammonia),  is  to  be 
made  on  the  same  portion  of  the  sample  to  be  analyzed. 

Take  not  less  than  BOO  c.c.  or  700  dm.  (one  deci-gallon)  of  the  water  fur 
determination.",  and  distil  in  a  40-oz.  stoppered  retort,  which  is  targe 
MUjfa  to  prevent   the  probability  of  portions  of  the  water  bcinj?  spirted 
rer  into  tho  condenser.     The  neck  of  the  retort  should  be  tmou  enough  to 
three  or  four  inches  into  the  internal  glns>  tube  of  a  Llebig'i  condenser, 
ihe  tit  betm  Ml  and  the  inside  tube  of  the  oomienaar  is  good,  the 

int  may  be  made  by  wrapping  a  small  piece  of  washed  tinfoil  round  tho 
tort  tube  so  as  to  pass  just  inside  the  mouth  of  the  condenser  tube.     Many 
ever,  to  work  with  a    retort   fitting   loosely  into   the 
r ;  and,  in  such  cases,  the  joint  between  tho  two  may  be  made  in  one 
the  two  following  ways: — (I)    Either  by  an  ordinary  india-rubber  ring — 
ich  as  those  used  for  the  top  of  umbrella* — which  has  been  previously  lowed 
a  dilute  solution  of  BodaOT  potash— being  stretched  over  the  retort  tube 
such  a  position,  that  when  the  retort  tubo  is  inserted  in  the  condenser  it 
11  fit  fairly  tightly  within  the  mouth  of  tho  tube,  about  half-ari-ineh  from 
(2)  Preferably,  when  the  shape  of  the  largo  end  of  the  condenser 
of  ilv  by  a  short  length,  say  not  more  than  two  inches,  of  lac 
idia-nibber  tubing,  which  has  been  previously  soaked  in  a  dilu; 

or  potash,  being  si  retched  outside  both  retort  tubo  and  condenser  tube, 
,!>■  them  together,  so  that  the  tube  of  the  retort  still  projects 
inches  into  that  of  tlii    condenser.     It  \<  very  deeSnble  t"  have  a 
constant  stream  of  water  round  the  condenser,  whenever  it  can  be  obtained. 
a  portion  of  the  water  must  be  tested  with  cochineal,  in 
Icr  to  ascertain  if  it   shows  an  alkaline  reaction.     The  portion  so  tested 
mil  of  course,  be  rejected,  and  not  put  iuto  the  retort.     If  the  water  does 
a  -how  an  alkaline  reaction,  ■  quantity  of  ignited  sodic  carbonate, 

render  tho  water  distinctly  alkaline,  must  be  added.    The  distillation 
lien  be  commenced,  and  not  Ie>s  than   LOO  0.0.  or  L60  dm.  distilled 
?tr.    The  receiver  should  fit  closely,  but  not  air-tight,  on  the  condenser. 
ie  distillation  should    be  conducted  as  rapidly  as   i>  compatible   with  n 
that  no  spirting  takes  place.    After  100  c.c.  or  150  dm.  have  been 
tilled  over,  the  receiver  should  be  changed,  that  containing  the  distillate 
ppered  to  preserve  it  from  access  of  anunoniaoal  fumes.     100  c.c. 
uiog  flasks  mi  I  nt  receivers.    The  distillation  must  he  con- 

iuc<l  until  &U  CO.,  or,  say  75  dm.  more,  are  distilled  over  ;  and  this  second 
irtion   of    the  dxatillate    Diusi    be    fteabed    with    Nossler'n    reagent,  to 
nmonia.    If  it  does  not,  the  distillation  for 
or  saline  ammonia  may  be  discontinued,  and  this  last  distill  r 
d  if  it  does  contain  any,  the  distillation  must  be  continued  still  longer,  until 
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a  portion  of  50  0.0.,  or  7'  D  collected,  show- 

N  easier  test.    The  whole  of  the  distillate*  must  be  Nessleriicd  as  follows:— 

■  1  ammonia  for  com  pan 
The  di-  transferred  to  a  clean  Nes 

of  itn  volume  of  Nessler  solution  added.     No  turbidity   musl  a 
the  addition  of  the  Nes«ler- 

a  proof  Chat  the  distillate  was  contaminated  by  reason  of 

istj  therefore,  bo  rejected,  aud  the  determination  repeated. 

After  thoroughly  mixing  the  water  and  Nessler  las*,  in 

Bpproximati  m  be  formed  of  the  amount  of  ammonia  present,  br 

the  amount  of  colouration  pr>'  i      ■  tbeneoamavj 

to  mix  one  or  BOON  standard  solutions  with  which  to  compare  the  tint  thai 
obtained.    These  solutions  must  be  mode  by  mixing  the  standard  soli 
ammonia  chloride  with   rliitJllftd  water  absolutely  free  from  ammonia,  an<t 
ig  tome  of  the  sunt  Nessler  solution  as  was  previously 
added   I  -ulion  i>  bshmjIi  .1,  bcause   I  I 

by  different  samples  of  Nessler  solution  varies.    The  coloriit. 
used,  if  ['referred,  instead  of  Nessler  glasses. 


H 
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Albuminoid  Ammonia. — As  soon  as  the  distillation  of 
has  been  started,  the  alkalim. 

out  into  ■  tli-k,  road;  for  addition  to  the  water  under 
distillation   of   the  albuminoid   ammonia.     The   volume  of   the   alkaline 
pennsauftnate  solution  to  be  taken  must  be  at  least  one-tenth,  of  tbftl 
water  wnkb  is  being  distilled ;  ami  should  not  exceed  that  proportion  umew 
the  water  is  of  very  bod  quality,  and  the  solution  must  be  made  in  accordance 
with  tl  i  in  these  instructions.    This  solution  must  be 

diluted  with  four  times  its  own  volume  of  writer,  and  must  be  placed  in 
a  flask  and  boiled  during  the  whole  lime  that  the  distillation  of  the  saniplo 
for  free  ammonia  La  being  carried  on,  oars  being  taken  thai  the  oooeei 
docs  not  proceed  to  too  great  an  extent.    There  must  be  enough  of  thi» 
boiled  and  diluted  alkali  to  make  as  the  residue  to 

the  retort  to  about  500  c.c.  or  700  dm.     When  the  distUlation  of  tie  sample 
of  water  for  free  and  valine  ammonia  is  completed,  the  alkaline  pennangsnate 
solution,  which  has  been  thus  diluted  and   boiled,  will   bo  ready   i 
and  the  dlitUlaalon   for  albuminoid  ammonia  may  be  proceeded  with,  n 
follows : — 

To   the  residue   left  in    the   retort    from  which  the    free   ammoub   In* 
boon  distilled,  add  the  alkaline  permanganate  solution  to  mak 
to  a  volume  of  at  least  600  c.c.,  or  say  700  dm.,  and  the  lamp  being  replaced. 

-filiation  must  be  continued.  .,,,,,„  ,»f  the  ■ 

a^ain  collected  iu  precisely  the  same  way  as  during  the  process  oi 
lor  bee  uunonfft, 

After  SKX)  0.0.  or  300  dm.,  say  two-fifths  of  the  volume  contained  in  th> 
retort,  have  been  distilled  over,  the  receiver  should  be  changed  and  further 
portions  of   BO  c.c.  or  75   dm.  collected    separately,  until    the  dasti 
practically  free   from  ammonia.    The  distillate  must  tin 
Nesslerized  in  the  same  way  as  previously  directed  for  free  amnion 
result  so  obtained  must  be  calculated  to  ammonia  iu  grams  per  liter  «■- 
per  gallon,  aud  returned  as  albuminoid  ammouin. 

Special  care  must  be  taken  that  the  atmosphere  of  the  room  iu  whi 
distillations  are  performed  is  kepi   free  from 
the   receivers   tit   close,  but   not  air-tight,  to  the   end 
condenser.     It  is  also  specially  uecessary  to  observe  thai 
distillate  deepens  gradually  after  the  addition  of  the  N  I 
that  it  is  not  possible  tn  read  off  the  anioont.  <i   -.-tour 
Nsssjlorisad  liquor  has  stood  for  nt  least  three  minutes,  and  been  intimat*-;. 
mixed  with  the  Nessler  solution  (see  also  note  pa^e  3Sa). 
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Spm  ial  core- must  bo  taken  that  the  retort,  condenser*,  receivers..  I' 
e*slcr  gl:  -  used  are  all  rendered  perfectly  free  from  uunonlti 

before  use.     Where  the  water  in  use  in  the  laboratory  b  good,  this  attj  be 

:  i-  two  or  ft 
iering  water ;  otherwise   pure   distilled   water    must    bo    used.    These 
i  and  Albuminoid  ammonia  detoruiinat:  he  made  as  soon  as 

e  water  has  been  received  for  annh  - 

Oxygen  Absorbed. — Two  separate  detenui nations  have  to  be  made,  viz., 
gen  absorbed  during  fifteen  minutes,  and  that  absorbed 
ig  four  hours.     Hoth  are  to  be  made  at  a  temperature  of  80"  F.  (27*  C), 
i  is  most  coo  nako  these 'i  ouin  US-os. stoppered  B 

have  been    riiLsed  with  sulphuric  acid    and   then  r.     Put 

V  dm.  into  each  tl.'i>k,  wlii.li   [mil   be  stoppered  end  immersed  in 
nvr  bath  or  suitable  air  both  until  the  it'injjorature  rises  to  80°  F.    Now 
to  each  flask  10  o.c.  or  10  dm.  of  the  dilute  sulphuric  acid,  and  then 
10  dm.  of  the  standard  permanganate  solution.     Fifteen   miimt.  > 
•r  the  addition  of  the  permanganate,  one  of  the  flasks  must  be  removed 
KB  Qm  bath  anil  two  or  three  drops  of  the  solution  of  potassie  iodide  added 
B  the  pink  colour.     After  thorough  admixture,  run  from  a  burette 
standard    solution  of   thiosulplmtc,  until    tin-  yellow  colour   is   nearly 
,  then  add  a  few  drops  of  starch  water,  and  continue  the  addition 
(■hate  until  the  blue  colour  is  just  discharged.     If  tb.fi  titration 
properly  conducted,  the  addition  of  one  drop  of  permanganate  will 
M  blue  colour.     At  the  end  of  four  hours  remove  the  other  flask, 
lie  iodide,  and  titrate  with  thiosulpliate,  as  just  described.    Should 
pint  colour  of  the  water  in  the  flask  diminish  rapidly  faring  the  four 
Lrtber  measured  quantities  of  the  standard  solution  of  pcrmaugauato 
trom  time  to  lime  so  as  to  keep  it  markedly  pink. 
The    tbinsnlphatfi  solution  must  be  standardized,  not  only  at    first,  but 
ice  it  is  liable  to  change)  from  time  to  time  in  the  following  way  : — To 
r  dm.  of  pure  redUilk-d  water  add  two  or  three  drops  of  the  solution 
!'•  iodide,  and  then  10  c.o.  or  dm.  of  the  standardized  solution  of 
rmanganate.     Titrate  with   the  thiosulpliate  solution  as  above  described. 
aMd  will  be  the  amount  of  tbioMiIphate  solution  corresponding 
10  dm.,  as  may  be,  of  the  standardized  permanganate,  and  the 
;torso  found  must  be  used  in  calculating  tlio  results  of  the  thiusulphate 
ih   to  *how  the  amount  of  the  standard  permanganate  solutim 
and  IhenOB  the  amount  of  oxygen  absorbed. 

Great  care  should  bo  I  Lbaolutely  pure  and  fresh  distilled  water 

DSfid  in  ptandaTdtzing  the  solution,  whicli  should  also  be  kept  iu  the  dark 
It   -ullices  to  compare  the  solution,  if  kept  in  this  way,  once  in 
or  four  d 1 

The  amount  of  thiosulphate  solution  thus  found  to  be  required  to  combine 
Iodine  liberated    by  the  permanganate  left  undecomposed    in  the 
I  dowu,  and  the  calculation  made  as  follows: — Let  A  =  amount 
ilphato  used  in  distilled  water,  and    II-  that  used  for  water  under 
imi  nation.  Then  Aexpresscstlieaniouutof  permanganate  added  to  the  water 
md  H  the  amount  of  p^nnufflntw  in  excess  of  that  irbioh 
lie  matter  in  the  water  has  destroyed.     Therefore  A — Bis  the  amount 
:d.     If  the  amount  of  available  oxygen  in  the  quanti 
originally  added  be  */,  the  oxy>j  i   to  oxidize  the 

r  in  the  water  operated  on  would  be— — r — -  .    But  a  (available 

A 
i  the  ID  c.c.  of  standard  j>ermanganate  usedl— 0001  gin.    Therefore 

.01  .       „_^  A— BxO-4  , 

=  oxygen    for    260    o.c. ;    or,    j =  parts   of    oxygen 


A 
luired 


for  100,000  parti  of   water.    Or,  in   other  words,  tho   difference 
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between  iosulplwte    used  in  the  ■  at  aod 

that  used  in  the  titration  of  the  simple*  of  water  mulrjpll  -unomt 

of  available  oxygen  contained  in  the  pennant'1 

divided  by  tl 

the  amount  of  oxygen  absorbed  In-  the  water. 

Hardness  before  and  after  Boiling. — PI;  or  100   dm.  of  th? 

>  an  accurately  stoppered  8-oz.  flask.     Gun  in 
«  burette  in  imall  quantit  I  '  the  water  be  soft,  not  more  than 

r  dm.  ;it  ;i  tune  ;  if  hard,  in  quantities  of  1  c.c.  in 
,  shake  the  flask   vigorously  for  about  a  quarter  of  a 
soou  an  |  lalber  ix  produced,  lay  the  flask  on  it- 
observe  if  the  lather  remains  permanent  for  five  minute*. 

id  of  Rve  minutes  mil  the  flask  half-way  round  ;  if  the  lather  bn sUi 
instead  i  the  whole  surf  are  of  the  w 

overs  the  whole  surface  I  oent;  now  read  the  bun 

Repeat  the  experiment,  adding  gradually  the  quantity  of  «oop  - 
raploynd  in  the  ft)  out  tec.  or 2  dm.;  shake  a*  beforr, 

sm  solution  ven  gradually  till  the  permanent  lather  is  formed:  read 
the  burette,  mid   lake.  <.nt    the  (xuresponding  hardni 
magnesian  salt*  are  baraoter  <>f  tne  lather  will  bi 

ven  mnoh  modified,  and  a  kind  of  dating  a  lather)  will  be  seen 

in  the  water  before  the  reaction  is  completed.     The  character  of  t! 

ie  carefully  watched,  and  tin  with  «n 

increased  amount  of  shaking  between  eaeh  addition.     With  thi 
it  will  be  comparatively  easy  to  distinguish  the  point  wben  the  false  lather 
due  to  the  magnesian  salts  ceases,  and  the  true  persisteul  I 

If  the  water  is  of  more  than  16"  of  hardiu-  of  tJw 

sample  with  an  equal  volume  of  recently  boiled  distilled  wat- 
beeu  cooled  in  a  closed  vessel,  and  make  the  determination  on  this  i 
of    the   simple  and   distilled    water.     In    thi*   cam   it,  will,   of   OootSB,  be 
necessary  to  multiply  the  figure*  obtained  from  the  table  by  2. 

To  determine  the  hardness  after  boiling,  boil  a  measured  quantity 
water  in  u  flank  briskly  for  half  an  hour,  adding  distilled  «  i  'imo  to 

time  to  in  Jte  up  for  loss  by  evaporation,  It  is  not  desirable  to  boil  t. 
under  a  vertical  coudenser,  as  the  dissolved  carbonic  acid  i>  not  - 
Liberated.    At  the,  end  of  half  an  hour,  allow  the  water  mouw 

of  the  flask  being  closed;  make  the  wate 
recently  boiled  distilled  water,  and,  <eswry 

nig.     If  this  cauuot  be  done  quite  clear,  it.  mi 
the  test  in  the  same  manner  as  described  above. 
The  hardness  is  to  be  returned  in  each  case  to  the  nearest  half-degree. 

Total  Solid  Matters.— Evaporate  2r>0  c.c.  or  3\,th  of  a 
1    platinum   dish  on  a  water   bath;    dry  the   n 
(104"  C),  and   cool   under  a  desiccator.     Weigh   the  ilisl 
residue  aocuralely,  snd   note    lis  colour  and    appearance,  a< 

r  it  rapidiy  increases   in    weight.     Return   to   tb<  i  ilh   f"r 

half  an  hour  and  re-weigh  until  it  .-eases  to  lose  weight,  then  /nuliuUv 
heat  it  to  redness,  aud  note  the  changes  which    I 
ignition.     Especially  among  i  ages  should  be  onsen 

scintillation,  change  of  colour,  separation  of  more  or  loss  carbon,  and 
fusion,  if  any.    The   ignited   residue  U  to  be  used  for  the  - 
phospwrk  acid,  ai  before  directed. 

Microscopical  Examination  of  Deposit.— The  mosl  it  plan 

of  collecting  the  deposit  i-  to  place  a  circular  • 
the  bottom  of  a  large  conical  glass  holding  about  1*0  ox.     Th 
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-pout,  and  should  bo  ground  ATtor  talking  no 

:illed  « 1  tli  the  H  it.  r,  covered  with  a  plat*  of  ground 

idda  to  settle.    After  settling  the  supernatant  water  U  drawn 

ii,  and  t tie  glass  bear  trod  out,  either  by 

mean!*  of  a  platinum  wire  I  teen  previously  pawed  under 

ber  OOTIVOntent  way,  and   inverted  on   to  an  ordinary 

D.      II     -  desirable  to  examine  the  ■  ' 

:.th  imd  then  by  a  |th  objective.    The  examination  ahoohl  bo  made 

-  til--  water  bu  sto  id  ■  ■■■■.       If  the  water  l"*  allowed  t<i  stand 

peculiar  to  bar  maj  be  developed  va6 

rver.     Particular  notice  should  bo  token  of  bacteria,  infusoria,  ciliata 
ted  fibres  of  cotton,  or  linen,  or  epithelial  dvkriw. 
lr     n    i .  irtii ulurly   desirable    to    report    (dearly    on    this    micro-. 
examination;    not    merely   riving    the   genera]    not    that   organism*   were 
present,  bat  stating  as  s]  as  possible  the  names  or  classes  of  the 

v  data  may  be  obtained  for  the  application  "t  the 
of  this  dep     t  t  potable  waters. 

It    El  rabls  to  examine  the  residue  left  on  a  glass  slide  by  tin- 

evaporation  of  a  single  drop  of  the  water.    This  residue  is  generally  most 
oonvenii  iritbonl  ■  covering  ghm.    The  neoU  appennnoei  to 

re  the  presence  or  absence  of  particles  of  o  itter,  or 

orgauized  structure,  contained  in  the  crystallized  forms  which  may  DOB) 
and  also  whether  any  part  of  the  residue  left,  especially  at  tbo  ed 
tinted  more  or  less  with  green,  brown,  or  yellow. 

I'i  Domie  with  ii  i    i  i  roecopical  examination  it  may  be  desirable  to 

adopt  1 1  >  i  -  ■  I,  i  sugar  process  as  follows  : — 


Sugar  Teat.— The  name  of  this  process]  relates  simply  t»>  the  reagent 
which  is  used  ;  namely,  pure  crystallized  sugar.     It  is  believed  to  be 

presence  of  the  germs  or  spore  of  the  sewage  fungus.    This  special 
form  of  fungus  grows  very  rapidly  in  water  containing  even  a  small  admixture 

be  present.     It  grows  on  well  in  a 
bottle  u  the  liquid  being  tested,  as  in  water  exposed  to  the  air,  and  even 

acid, 
To  apply  ihu  test:— Takea5-o«  stoppered  flask  which  has  been  thoroughly 
led  and  rinsed  with  the  water  to  bo  tested.    Fill  with  the  water  to  be 
r  *iy,  0'5  gm.  of  cry-tils  of  pun  sugar,  in-ert 
(id  put  the  flask  in  a  good  light  ;  keep  it  at   I  temperature 
!     m  possible  of  80"  F.  c'7'  O.J.    The  water  should  be  free  from 
tad  matters  before  i\i<-  experiment  is  made. 
to  flask  must  be  carefully  examined  after  two  or  throe  hours,  and  again 
necessary  at  intervals.    The  fungal  appears  first  in  tho  form  of  minute 
niiiL*  white  speaks,  which  an-  generally  easily  viable  to  the  naked  eye  in  n 
li  -light  when  the  Bask  i-  looked  a1  against  a  black  background.    A 
■kef  .'  used  with  advantage. 

"ii  it  must   be  caught  by  a  line  pipette  and 
i  with  a  xtii  objective. 
U  In  ii  first    ■  i  i,  these  specks  are  found  to  consist  of  small  isolated  cells 
iib  a  bright  nucleus.    In  the  second  stage  the  form  resembles  ■  bun 
■   bright   nucleus  is  rtUl  seen,     'i 
inoro  than  four  to  six  hours  for  full  development.    A  few  hours 
the  second    stage   has  become  clear,  the  cells  assume  the  form  "I* 
After  tl  me  the  form  of  ordinary  myonUuBt, 

■lis.     Finally  tho  cells  disappear  and  leave 
i  in. 

of  sewage  is  targe,  it  is  often  accompanied 
<-f  but\  ric 
A  few  ex  pi' rime  j  its  on  mixtures  of  small   proportions  of  sewage  matter 
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with  water  will   rivv  sufficient  ikU  to  enable  this  peculiar  fwiffui  to  be 
readily  recognized. 

Reporting   the   Results  of   Water  Analysis. —The    Keport 

appointed  by  the  British  Association  to  confer  with  tbo  Committee 
i  view  of  forming  a  uniform  sjrstso  of 
lag  reattltl  of  "Water  Analysis,  B.  A.  1S89  (CAew.  J< 

_'3—204)   is  as    follows: — Too    committee    recommend   a   system 
.-uiomeut  for  a  complete  analysis  of  which  the  following  is  ati 
Result*  to  be  expressed  in  parti  pet  100,000.    I; 

to  be  given  in  the  following  order:  Total  solid  matters  (a)  in  snapa 
(I)  in  solution;  organic  carbon;  organic  nitrogvi  coiisumed,  if 

•1  by  decoloration  of  permauirauate ;  ammonia  expelled  oi 
with  sodic  carbonate;  ammonia  expelled  on  boiling:  with  alkaline  perman- 
gannte;  nitrogen  as  nitrates  and  nitrite;  chlorine;  hardness— tompoory, 
permanent,  total.      In  a  mineral  water— carbonate  of  lime ;   carbonate  or 
magnesia;   carbonate   of   soda   (calculated    from    residual    alkalinity  afUr 
boiling  and  filtering  off   precipitated  CaCO3  and   MgCO1) ;   total  of  eadi 
of   the    following  elements— calcium,  magnesium,  potassium,  sodin 
(ferrou«),  iron  (ferric),  and  each  of  the  following  radicles—  sulphur 
nitric  (NO*),  nitrons  (NO3),  phosphoric  (PO*),  silicic  (SiO1) ;  then  each  of 
the  elements — chlorine,  bromine,  and  iodine,  and  of   sulphur  as  sulphide. 
Ditaolved  gaiet :  c.c.  at  0°  C.  and  760  m.m.  in  1  liter  of  water.     Carbonic 
anhydride  (CO*);  oxygen;  nitrogen;  sulphuretted  hydrogen. 

They  consider  that  this  uniform  method  should  be  ad  dl  casss 

where  communications  come  before  learned  bodies  and  whenever  possible  id 
profsssional  practice  ;  that  the  decimal  numerical  notation  is  to  be  preferred; 
tluit  the  different  scales  for  potable  and  mineral  waters  suggested 
American  Committee  are  undesirable  ;  tint  all  results  obtained  by  ea! 
should  Ik-  sharply  di  h<  ■■!  from  those  obtained  by  direct  d< 

that  a  statement  of  mineral  constituents  combined  as  hUU 
approved  of  unless  the  analytical  data  upon   which  it  hi  based  are  clearly 
stated;  that  the  American  Commitl- ,  ion  of  recording  the  proportion 

of  each  element  of  binary  compounds,  and  recording 
oxy-compounds   in   combination    with    the    negative  elemnif, 
above,  is  the  most  convenient  for  all  purposes  of  calculation,  olthotlgfc 
want  of  a  name  for  these  negative  groups  and   the  custom   of   quoting 
metallic  elements  as  bases  are  objections  to  this  system ;  final]-,  ansa 

of  dissolved  gases  may  bo  given  as  above,  or  in  volumes  of  gas  per  100 
volumes  of  water. 


OXYGEN    DISSOLVED    IN    WATERS. 

S  92.     The   necessary   apparatus    and 
carrying  out  thia  estimation  ore  described  in  $  08  | 
together  with  the  method*  of  manipulate 

The  interpretation  of  the  results  as  regards  polluted  w.i: 
given  by  Dupre*,  may  be  summarized  as  folkrwt: — 

The  method  depends  on  the  fact  that,  if  a  perfect 
once  hilly  aerated,  and  then  kept  inn  bottle  bo  tlwit  it  amid  D 

i  gaiu  oxygen,  it  would  remain  fully  aerated  foi 
of  time  ;  but,  on   the  other  hand,   if  the  wuter 
organic  matters  capable  of  absorbing  oxygen,  such  « 
a  period  of  iiiii    contain  less  oxygen,  tin-  loss  bo  found  1 
as  the  measure  of  impurity.    Tl  "1  La  realty  another  \ 
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ascertaining  the  presence  of  ganiU  B&d  their  amount  iu  contrast  to 
the  method  of  mltivation  by  gelatine  and  microscopic  anal 

The  practical  result*  from  various  experiment*  rnkda  by  Dupre*, 
ami  rejwrted  hy  him  to  tin-  Mndinal  Department  "f  the  Loot] 
Government  Board,  LS&4,  an  ;is  follows; — 

(1)  A  water  which  does  not  diminish  in  its  degree  of  iteration  during' 
a  [jiven  period  of  time,  may  or  may  not  contain  organic  matter,  but 
presumably  does  not  contain  growing  organisms.  Such  organic  matter 
therefore  as  it  may  be  found  to  contain  by  chemical  analysis  (permanganate 
or  otherwise)  need  not  be  considered  as  dangerous  impunty. 

(2)  A  water  which  by  itself,  or  after  the  addition  of  gelatine  or  other 
appropriate  cultivating  matter,  consumes  oxygen  from  the  dissolved  air  at 
lower  temperatures,  but  does  not  consume  any  after  heating  for  say  three 
hours  at  GO"  C,  may  be  regarded  as  having  contained  living  organisms,  but 
none  of  a  kind  able  to  survive  exposure  to  that  temperature. 

(3)  A  water  which  by  itself,  or  after  addition  of  gelatine  or  the  like, 
continues  to  absorb  oxygen  from  its  contained  air  after  heating  to  tiO*  C,  may 
be  taken  aa  containing  spores  or  germs  able  to  survive  that  temperature. 

The  exact  nature  of  Orgaaiflma  diffurfag  in  this  way  is  of  course 
not  revealed  l>y  Chi  method.  Dupro'e  condoaioo  is,  that  in  the 
vast  majority  of  cases  tin*  eooausapfcuui  of  oxygen  baa  tin-  diasolred 
air  of  a  natural  water  is  dne  to  growing  organisms,  ami  that  in  the 
complete  abeenoe  of  sneh  oigaaisma  little  of  no  oxygen  would  ho 
then  consumed. 

The  papet  is  accompanied  by  tatiea  of  rcumlta  of  analjeu  by  this 

and  other  methods,  wlii.li  air  loo  voluminous  to  insert  here. 

PrineipU  of  the  method. — Dupre  states  that  a  water,  fully  aerated, 
contains  at  20"  C.  and  760  ni.ui.  pressure  0  594  grain  of  oxygen  per  gallon. 
or  0"O4158  gin.  ]>er  liter*  The  proportion  varies  with  the  temperature  and 
pressure.    The  formula  given  by  Bunscn  is  adopted  in  this  method — 

o=2'0225  $;  and  j3=O02O34O-  0-0O052887r  +  0-QO0O11156f!; 
where  a  ia  the  co-efficient  of  absorption  of  oxygen  in  cubic  centimeters, 
6  the  co-efficient  for  absorption  or  nitrogen,  and  I  the  temperature. 

Tin-  variation  due  to  atmospheric  preasure  is  bo  alight  that  it 
may  practically  be  disregarded.  'Hie  compoaition  of  air  is  taken  aa 
21  volumes  oxygen  ami  79  nitrogen.  Dupre  adopts  the  temperature 
of  20"  C.  for  all  waters  under  experiment;  and  aa  a  rule  the 
samples  were  all  placed  in  an  appfOfUU&tc  bottle,  and  kept  at 
a  constant  temperature  of   20*  C.  for  U'U  days  previous  to  the 

I  ^nation  of  the  oxygen. 

Tin.'  maximum  degree  of  oxygen  which  a  pan  water  should 
contain  nt  this  temperature  is  Bailed  100,  and  any  less  degree  found 
on  analysis  is  recorded  as  a  percentage  of  this  maximum. 

The  Analtftig:  The  sample  of  water  is  placed  in  an  ordinary  bottle,  mid 
vigorously  shaken  to  ensure  fall  aeration  ;  after  standing  tho  requisite  time 
it  li  poured  into  the  experimental  bottle,  und  the  estimation  of  oxygen 
earned  out  as  described  in  §  (18. 

*  Roacoc  ami  Lunt,  and  also  DHtmsr,  show  by  their  experiment*  that  these 
figures  are  too  low. 


448 


VOLUMETRIC  ANALYSIS. 


§  92. 


Calculation  of  the  Besults  of  Water  Analysis. 

Subetanoe  estimated. 

Measure  of  water 
taken. 

Volume  or  weight 
obtained  or  used. 

Factor  for  gnini  per 
gallon. 

CI 

100  c.c.  or  dm.  . 

C  c.c.  or  dm.  stan-  *) 
t  dard  AgNO3       > 

X 

1 
0-7      =C1 

»»          ... 

140dm.(A-gal.) 

dm.    „      „      „ 

X 

0-5      =C1 

N  as  HNO3         C 
(Crum)           i 

250  c.c.     . 
250  dm.    . 

c.o.  of  NO 

X 

X 

0-175  =N 
0-27    =N 

850  dm.  (^gal.) 

»»       >• 

X 

0193  =N 

r 

100  c.c.     . 

grams  of  NH3 

X 

57645    =N 

NH3  copper-zinc  J 

50  ac.     . 

tt           »» 

X 

11529      -N 

or  aluminium  1 

160  dm.    . 

grains  of  NH5 

X 

3843    =N 

(. 

100  dm.    . 

>»           n 

X 

5764    »K 

Free  or  Alb.  NH3 

500  c.c.     . 

(  c.o.  standard         \ 
I     NH*C1             ) 
dm-    »      »      » 

X 

00014=>T1T 

ii          »»          »» 

700  dm.    . 

X 

00-1    =  NH*; 

O  absorbed    . 

250  c.c.     . 

C 10, 15,  or  20  c.c. } 
\     permanganate ) 

C  x 

0-28(lorl-3or' 
2-|.)=0 

»»            »»            » 

360  dm.    . 

C10, 15,  or  20  dm.} 

\     permanganate ) 

r 

0-02  (lor  1.5  or 
2-|.)=0 

Total  solids   . 

250  c.c.     . 

grams 

X 

2800 

yy          »t 

350  dm.    . 

grains 

X 

200 

Coefficients  and  Logarithms  for  Volumetric  Analysis. 

Logarithms. 
2*6901961 
26812412 
2-G020600 
2-5622929 
2-5502284 
27993405 
2*7923917 
27323938 
2-7993403 
26532125 
2-2304489 
2-5440C80 
1-2810334 
25682017 
2*4471580 
2-6989700 
2-9319661 
1-1972800 
2-9934362 
2-3010300 
2*6232493 
2*7481880 
2-8388491 
1-2741573 

*  A=c.c.  or  dm.  of  thiosulphate  solution  corresponding  to  10  c.c.  or  dm.  of  perman- 
ganate. B=c.c.  or  dm.  of  thiosulphate  solution  used  after  the  time  of  reaction  is 
complete. 


CoeiBcienta. 

Normal  B?S04 

1  cc=0049 

gm 

H2S04 

ii 

=0048 

j» 

SO* 

j» 

=0-040 

ji 

SO3 

Normal  HC1 

lux 

.=00366 

)> 

HC1 

»» 

=0*0355 

» 

CI     

Normal  HNO3 

lc.c 

.=0063 

9) 

HNO3 

iy 

=0062 

11 

NO3 

» 

=0054 

J* 

J^O5 

Normal  XPCO4 

lc< 

■.=0063 

JJ 

E.HT-0*,  20H2 

u 

=0045 

J) 

KK?0*       ... 

Normal  Acid 

lc.( 

..=0017 

1) 

NH3 

„ 

=0035 

11 

NH*HO      ... 

>) 

=0191 

11 

Na2B*O-"10H2O 

>1 

=0037 

Ca2HO 

)» 

=0028 

91 

CaO 

*1 

=005 

5) 

CaCO3 

J) 

=0*0855 

II 

BaHW       ... 

Tt 

=01575 

.'» 

BaH^SH-O 

=00985 

» 

BaCO3 

31 

=002 

31 

MgO            ...         . 

11 

=0042 

!» 

MgCO3 
KHO 

J> 

=0056 

11 

=0069 
=0-188 

K'CO3 
KHtfH-O6... 
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logarithm*. 

Nnrmnl  AflM 

1  r.r.    a0*10a 

no.  K'C*HsO<" 

.     1-0086002 

„     =009S 

,.    KC  1 

.     2-9912261 

0-141 

„    KNaC'H'O*' 

I  U92191 

004 

N:iHO            

.     2  6020600 

0053 

..    Na«0»       

j  7  r.! » 

0-143 

.,    Na^O'lOH-O 

.     11553660 

„     =<r084 

„    NaHCO-* 

2-92427:»:s 

Normal  N»HO 

lC.C.^1 

..    NaHO 

2G0206OO 

0*081 

„    Na3G 

8-4018617 

Norma]  EHO 

1  r.r.     0*056 

„    KHO 

27481880 

„     =0-047 

,.    IPO 

Normal  N 

i            0'U53 

,.     iWCO3          ... 

27242759 

..     =0030 

u  CO*  ... 

24771213 

„   CO* 

.     2-3424227 

Normal  Alkali 

0*06 

.,    HC-WO5 

2-7781613 

„     =007 

..  h^ipoti-'o 

2-8450980 

.,     -  0  0365 

..  KCJ 

-•2920 

M     =0-0808 

.    HBV.. 

9-9074114 

„     =00128 

,.  Hr 

11072100 

„     =0063 

.    HNO» 

.     8*7888406 

o*04fi 

..    H-s.r 

0186] 

0*076 

..    H^U'O0    ... 

.     2-8750613 

&  Silver 

H08 

.,   Ag 

8*0884888 

„    fsO-017 

„   Ak'NO» 

84804488 

„     —000355 

..   CI 

3*6603 

000535 

.    NH'CI 

.     8*7888888 

.,     -01)0745 

..    KC1  ... 

.    3*8781668 

0*0119 

.,    KHr 

.     2-0755470 

-0-0103 

.,    NttBr 

.    2-0128372 

„     ==0*0064 

..    NVHAsO*     - 

.     3-8061600 

30*0089 

..   so3 

36051500 

0*0043 

,.    H*SO» 

..    8*6127888 

• 

„    =00or.'r> 

.,    A-O1 

.     3-6940052 

„     =0-0848 

,     \:rS<V5H-G 

..     2:i!M4517 

■ 

:    SCI-7II  -II 

..     21003705 

-0-0097 

,.   k  *sa'2  a  0 

..     3-9867717 

■:hrom»tc 

1  B.C      'I-045G 

..    FcSO* 

.     2G589648 

.,     =0051 

.,    FtrSO'lTO... 

.     2 7076702 

..     =0*0849 

„    FeSO*7HK>... 

•202H-.H.I77 

.,     =0-0348 

„   FeCO* 

..     -2  5415792 

..      -00696 

.,    Fe30< 

..     2-8426092 

0*0816 

„   FbO  ... 

8*8844688 

i"c  ThiaraJphate 

■ 

„    Sodic  thiwuh 

..     2-3944517 

„     -0-0127 

«    I 

,     21038037 

-0*00355 

.,    CI 

3-6502284 

.      -00080 

.,    Br 

.     390301*00 

10) 

^i  ■permauKunnte=00088  gm. 

CaO 

34471580 

>• 

=0*0050  Kin. 

CaCO*      ... 

. .    8*688 

;)                                   B 

=0-0086  gm. 

CaSO4,  20H- 

..    3*934-1985 

normal  i 

malic  acid =0-0280 

gui.  CaO 

24471680 

■ 

x  0-444     =CaO 

.      l-l'473830 

.1  *alt 

x  0-07143- CaO 



..    2-8538807 

Cm:                 i     86*87) 

!        olution    01)03637  HBL  0 

-6351 

.i                 '• 

=0-005837  cm.  NnCl 

„    8*7861889 

■nealooi  <>r  tl'WMilplwtewlutioii— 0003537  gin.  CI 

3-5486351 

■ 
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Chromium  (Cr=62'4)  Logarithms. 

Metallic  iron x 0S123  =Cr           1*4946790 

xO*6961=CrO»       1*7767738 

„            xa8784=KaCr*0-' 1*9436923 

x  1*926  =Pb(M)4 0-8846568 

Double  iron  salt xO*044fl=Cr      2-6493349 

„              xO*0864=CrOs 2-9314579 

xO'12W=K*Cr*0-'        ...                    1*0986437 

xO-275  =PbCrO«         1-4398327 

1  c.c.  A  8olution=0*003349  gm.  CrO* 3*5249151 

„       =0*00492  gm.  KK)tK>7           3*6919661 

Coppbb  (Cu=63) 

1  c.c.  &  Bolution-=O*0068  gm.  Cu          3*7993405 

Iron  x  1*1 25=oopper ...  0*0511525 

Double  iron  salt  x  01607=oopper           1*2060159 

Cyanogen  (CN=26) 

1  c.c.  A  nlw  K>lution=0*00e2     gm.  CN       3**7160033 

„             =0*0064     gm.HCN 3*7323938 

„                 „             =001302    gm.  KCN 2*1146110 

„    &  iodine             =0*003255  gm.  KCN 3*5125610 

Potassic  Febbocyanidb  (K^eCy8,  30H2=422) 

Metallic  iron      x  7*641  =crytrt.  potassic  fen-ocyanide 0*8774289 

Double  iron  salt  x  1*077=    „          „               „           0*0322167 

POTABBIC  FbBBXCYANIDB  (KeFt?C^li=^6S) 

Metallic  iron       x  588    =potassic  f emcyanide          0*7693773 

Double  iron  salt  x  1-68    =      „             „                     0*2258093 

&  thiosulphate  x 00329=      „             „                     2*6171959 

Gold  (Au=196*5) 

1  c.c.  normal  oxalic  acid=0*0655  gm.  gold        ...  2*8162413 

Iodine  (1=126*6) 

1  c.c.  £j  thiosulphate=001265  gm.  iodine        2-1020905 

Ibon  (Pe=56) 
1  c.c.  £r  permanganate,  bichromate,  or  thioaulphate 

=0-0056  Pe  37481880 

=00072  PeO  3-8573325 

„                    „        =00080  F&O3  39030900 

Lead  (Pb=2064) 

1  c.c.  £j  permanganate  =001082  gm.  lead      20136797 

1  c.c.  normal  oxalic  acid=01032  gm.  lead        1*0136797 

Metallic  iron       x  l*842=lead 0*2652896 

Double  iron  salt  x  0*263=lead 14199557 

Manganese  (Mn=55) 

MnO=71.    MnO-=87. 

Metallic  iron  x  0*491    =Mn       1*6910815 

x0fi3393=MnO 1-8020413 

x0-7768=MnO2 1-8903092 

Double  iron  salt x 009 1 l=MnO 29595181 

„              x  0*111  =MnOa            10453230 

Cryst.  oxalic  acid  x  0*6916=MnOs         18398550 

1  c.c.  T*V solution=000355  gm.  MnO     35502284 

„             „       =000435  gm.  MnO2 3*6384893 
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MeECUBY  (Hg=200)  Logarithms. 

Double  iron  salt  xO-5104=Hg 1*7079107 

x  0-6914=HgCl*           1*8397294 

1  c.c.  &  eolution=00200  gin.  Hg          2*3010300 

=0*0208  gm.  Hg*0      2*3180633 

„       =0*0271  gm.  HgCl* 24329693 

NlTBOGEN  A3  NlTEATES  AND  NlTEITBS  (NllO5=108.      Ns03=76) 

Normal  acid x 0-0540=N2Ofi      27323938 

x01011=KNO3 10047512 

Metallic  iron  x  O3760=HNO» 1*5740313 

x  0*6016=0^0* 1*7794522 

xO*3214=Ni,05       1-6070459 

Silvbe  (Ag=107*66) 

1  c.c.  t&  NaCl=0010766  gm.  Ag           20820544 

„       =0*016966 gm.  A^NO3 22295795 

Sulphuretted  Hydrogen  (H*S=34) 

1  c.o.  £;  arsenious  soIution=0'Q0255  gm.  H28 3*4065402 

Tin  (Sn=118) 

Metallic  iron  x  l*0536=tili          00226758 

Double  iron  8altx0-1606=tin     1*1775365 

Factor  for  ^  iodine  or  permanganate  solution  00059 3*7708520 

Zinc  (Zn=65) 

Metallic  iron  x0*5809-=Zn          ...         1*7641014 

x0-724=ZnO        1*8697386 

Double  iron  salt xO*08298=Zn 2*9189734 

„             x  0*1034  =ZnO 10145205 

1  c.c.  &  solution=0*00825  gm.  Zn        3*5X18834 
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PART  VII. 
VOLUMETRIC  ANALYSIS  OF  GASES. 

Description  of  the  necessary  Apparatus,   with  Instructions  for 
Preparing,   Etching*,   Graduating,  etc. 

§  93.  This  branch  of  chemical  analysis,  on  account  of  its 
extreme  accuracy,  and  in  consequence  of  the  possibility  of  its 
application  to  the  analysis  of  carbonates,  and  of  many  other  bodies 
from  which  gases  may  be  obtained,  deserves  more  attention  than 
it  has  generally  received,  in  this  country  at  least.  It  will  therefore 
be  advisable  to  devote  some  considerable  space  to  the  consideration 
of  the  subject 

For  an  historical  sketch  of  the  progress  of  gas  analysis,  the 
reader  is  referred  to  Dr.  Frankland's  article  in  the 
Handimrterbuch  der  Ckernie,  and  more  complete  details 
of  the  process  than  it  will  be  necessary  to  give  here  will 
be  found  in  that  article;  also  in  Bunsen's  Gamtnetry, 
and  in  Dr.  Russell's  contributions  to  Watt's  Chemical 
Dictionary. 

The  apparatus  employed  by  Bunsen,  who  was  the  first 
successfully  to  work  out  the  processes  of  gas  analysis,  is 
very  simple.  Two  tubes,  the  absorption  tube  and  the 
eudiometer,  are  used,  in  which  the  measurement  and 
analysis  of  the  gases  are  performed.  The  first  of  these 
tubes  is  about  250  m.m.  long  and  20  in.ni.  in  diameter, 
closed  at  one  end,  and  with  a  lip  at  one  side  of  the  open 
extremity,  to  facilitate  the  transference  of  the  gas  from  the 
absorption  tube  (fig.  55)  to  the  eudiometer  (fig.  56).  The 
eudiometer  has  a  length  of  from  500  to  800  m.m.,  and 
a  diameter  of  20  m.m.  Into  the  closed  end  two  platinum 
wires  are  sealed,  so  as  to  enable  the  operator  to  pass  an 
electric  spark  through  any  gas  which  the  tube  may  contain. 
The  mode  of  sealing  in  the  platinum  wires  is  as  follows: — 
"When  the  end  of  the  tube  is  closed,  and  while  still  hot, 
Fig.  53.  a  finely  pointed  blowpipe  flame  is  directed  against  the 
side  of  the  tube  at  the  base  of  the  hemispherical  eud. 
When  the  glass  is  soft,  a  piece  of  white-hot  platinum  wire  is 
pressed  against  it  and  rapidly  drawn  away.  By  this  means  a 
small  conical  tube  is  produced.  This  operation  is  then  repeated 
on  the  opposite  side  (fig.  57).  One  of  the  conical  tubes  is  next 
cut  off  near  to  the  eudiometer,  so  as  to  leave  a  small  orifice  (fig.  58), 
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roogb  which  a  piece  of  the  moderately  thin  platinum  wire^reeibing 

bout  two-thirds  across  tin-  tube,  ia  paseed.     The  fine  blow-pipe 

now  brought  u<  play  on  tin*  wire  at  the  point  where  it  i 

;  the  rl  iss  tapidlj  I  "in-,  making ;l pei 

la-tighl  joint     [f  it-  should  1"l  I  that  the  tube 

i  any  tendency  u<  collapse  during  the  heating,  it  will 

t-ntly  into  the  open  end  of  thi 

This  iiiav  be  conveniently  done  by  means  of  B  long  piece 

outohouc    connector,   attached    to   the   eudiometer, 

bich  enables  the  opemtoi  to  watch  the      foci   of  the 

lowing  more   Basilj    than   if  the  mouth  wore  applied 

he  tuba      When  a  perfect  fusion  of  the  glass 

and  the  wire  b  n,  tin-  point  on  the  opposite 

-lit  I'll',  and  a  second  wire  sealed  in  in  tin 

(fig.  59).    Tin-  end  "f  the  tube  must  be  allowed 

rary  slowly;  if  proper  attention  is  not  paid  to 

K  fracture  ia  rarj    Ii.il.lt    t.-  ensue,     "Wln-n  perfectly 

cold,  ,i  piece  "f  wood  with  a  rounded   end   ia  passed 

]•  the  eudiometer,  ami  the  two  wires  fan-fully  pressed 

iael  the  end  of  the  tub  .  oonl  tot  with 

■  glass,  with  :i  ■pace  of  I  ox  3  in.iu.  between  their 

fig    60).     It  is  for  tin.-*  purpose  that   the  wires, 

when  sealed  in,  are  made  to  reach  so  Car  across  the  tube. 

The  ends  <>i"  the  wires  projecting  outside  the  tone  are 

en  bent  into  loops.      These   loops  must  be  carefully 

ted,  f«»r  if  frequently  bent  they  are  very  apt  to  break 

to  the  glass;  besklee  this,  the  banning  ,,f  the 

Lses  s  minute  crack  in  the  glass,  which 

ad  endanger  the  safety  of  the  tube.     These 

rconie  by  cutting  off  the  wire  close 

and  carefully  smoothing  the  ends  by  rubbing 

urn  with  s  pie©  ound  glass  until  they  are  level 

tli  thi  of  the  tube  (fig  01).     In  order  bo  make 

■.\itli  the  induction  coil, a  a Ian  Americai]  paper- 

,  lined  with  platinum  foil,  is  made  t«»  grasp  the  tube  ; 
e  t'ui!  icted  with  two  strong  loops  of  platinum 

d   t<-  these  the  wires  from  the  coil  oj 
IS).     In  this  way  no  strain  is  put  on  the  eudiometer 
res   bj    the  weight  of   the  wires  from   the   coll,  and 
rfeot  contact  ia  ensured  between  the  foil  and  platinum 
It  is  also    ea  an   the   outside   of    the 

Ithout  fear  of  injuring  the  instrun 
It  will  now  bo  neoeaaary  to  examine  if  the  glass  taporfcotiy 
aad  t"  the  wires.     For  this  purpose  the  eudiometer  u 
ad  with  mercury,  and  inverted  in  the  trough-     If  the 
be  has  800  m.m.  <li\  isions,  s  vacuous  spsj  e  w  ill  be  formed  En  the 
nil.     Note  the  height  of  the  mercury,  and  if  this  re 
M   fur  n  while  the  wires  are  prot>cr]y  sealed.     Should  the 
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I    hold  it  in  the  hand*,  utd  bri 
aquktk  mommeiri  upon  tin*  edge  of  the  india-rubba 

ttom  of  tin*  trough,  taking  care  that  the  force  «*f  n  \\ 
alight,  else  tli"  mercury  may  fraetui 

i  momentary  vacunm 
ami  if  there  u  .my  Leakage,  sum]]  bubbles  of  air  n  i 
junction  of  the  roes  with  the  gtam 


i 


: 


H>-(1 


Kg.  5<>. 


Kg.  60. 
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Tin.-  tubes  arc  graduate!  hy  thn  following 
u  fitted  into  tin*  end  <>f  tin*  tube,  and  a  pit 
anything  that  will  m  nvenient  liandlc,  i,-  thrust,  inl 

nntk.     Tin-  till.*-  is  heated  over  a  rhai 

and  coated  with   melted   wax   by  means  of  a  uamel's-haix 
,i  few  drops  of  turpentine  are  mixed  \wtu 
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ider  it  low  brittle,  but  tins  i>"  act  ahroye  luvfjaaary. 
it  should  be  found  that 
was  is  not  uniform, 
die  may  be  placed  in  :« 
cwitiou  before  .1 
lirv  nml  alowiv  rotated  BO 

Tli.'  wax  will 
be  evenly  tlistribut 

,   the 

off.     Tlir  tube 

eel  U)  too  high 

a  temperature*,  or  the  wax  may 

■  1  thin  ;  but  all  think 
masses  should  lw*  avoided,  as 

bleeome  in 
ition. 

The  beet  and ; 

of  marking  the  millimeter 
divisions  on   th< 
gvnduating  my*!tnp  :   but  the 

■  loeefl  in  to 
the  graduations  from  another 
tbe  in  the  following  manner, 
!  glaai  tube,  on  which 
lillimotcr  divisions   have   el- 
been  deeply  etched,  i- 
e  in  the  gra- 
cing table,  a  si 
brass  i  i  down 

tin*  buhe  and  covering  the 
end*  of  the  Linea  The  standard 
tibe  is  shown  in  tin1  figure  ;tt 
be  right-hand  and  <>f  tl i« ■ 
inpentna  (fig.  63).  Tin* 
■  '1  :it  the 
end  "f  the  menu 
tnd  above  it  an  fixed  two 
I 

■  I      the     other     With 

I  intervals  <-f  '• 

le    Alternate  ling 

rliato 
041     A  stout  rod  of 
.1  provided  with  0 

nknue   blade  at   the   other 
■  that   the 
steal  point  rests  in  one  <-f  the 
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divisions  -»f  the  graduated  tube,  being  gently  it  Uioauor 

time  against  thi  ■  '>■■>■  point  -  t 

ii  moved  by  the  operator's  right  hand  in 

.]  I.ctwv.  I 

When  llir  line  has  l h  bed  on  the  wa 

along  til*'  tube  until  it  falls  into  the  next  tin 

now  wa  a.     At  every  tiftli  *  ii  v  i- 

knifc-hlado  will  enter  the  notches  in  the  brass  plate,   making  a 

longer  line  on  the  tube.     At  it  trill  1m-  found 

easy  to  do  fifty  at  sixty  divisions  in  a  minute*  and  with  perfect 

regularity,     Before  the  tube  is  removed  from  theapparat 

lw  carefully  examined  ti>  see  if  any  mistake  hai 

may  have  happened   that  during  the  graduation   the   steel   poi&l 

slipped  out  of   one  "f   the  divisions   in   the  standard   tt«! 

m  taken  place,  it  will  be  found  that  the  distant.'  between 
tin.-  line  made  at  that  time  and  those  on  each  side  "f 
uot  be  equal,  or  a  crooked  or  double  line  may  have  been  pn 
This  is  easily  obliterated  by  touching  the  was  with  a  piece  «»f  heated 
platinum  wire,  after  which  another  line  is  marked. 
now  taken  out  >>f  tin*  table,  and  once  more  examined.      If  acrj 
portiona  >>(  wax  have  beei        tped  off  l>y  the  edges  >>f  the  apparatus, 


i 


Fly;,  Cft. 

or  by  the  screws,  th  ing   musl    l»-  repaired    with  u 

plathmm  wire.     Numbers  have  next  Ui  be  marked  op] 
tenth  division,  beginning  frmu  the  closed  end  ->f   the  tuba.  Uu 
first  division,  which  should  lie  about  10  m.m.  from  the  end 
marked   10  (see  fig.  60).     The  figures  may  be  well  tnade  with  I 
steel  pen.     This  has  the  adva  producing  hie  tins 

when  the  nib  is  pressed  against  the  tulte  in  making  a  d< 
The  date,  the  name  of  the  maker  of  the  IuIm-,  or  it 
may  now  lie  written  on  the  tube. 

The    etching    by    gaseous    hydrofluoric   acid    is 
supporting  the  tube  by  two  pieces  "f   wire  ovei  .i  arrow 

leaden  trou  uiwg  sulphuric  acid  and   powdered    du< 

(lig.  GO),  and  the  whole  covered  with  a  cloth  or  shw 
Of  course  it  is  necessary  to  leave  the  rork  in  the  end  <«f  il 
to  prevent  the  access  of  hydrofluoric  acid  to  the  interior,  which 
might  cause  the  tube   to  lone  its  transp 
extent.     The  time  required   for  the  action  of  tin 
the  kind  of  glass  employed.     With  ordinary  flint 
minutes  to  half  an  hour  is  quite  sufficient  :  il   the  leadi 
t,  tie-  action  may  take   phi  i   still   inoi 
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i  from  tiiin*  to  time,  and  a  amoU  portion  "f  tin* 
I  off  from  one  of  tin-  Ud68  ;  and  if  the  dn  iadon 

earn  be  nit  with  the  BsgHsaafl  or  the  point  of  b  knife,  the 
opesBtion  ia  finished  ;  if  not,  the  wax  must  be  replaced,  and  the 
red  t-i  the  trough.  When  sufficiently  etched,  the  tuba 
is  will  mil  with  water,  heated  before  a  fire,  Bad  tin*  wax  wiped 
off  with  a  wans  cloth 

The  i  with  liquid  hydrofluoric  aeid, 

by  applying  it  to  the  divisions  on  the  waxed  tube  with  a  brush, 
■  ug  tli-    i*ucliomt*tci  in  .1  gutta-percha  tube  closed  .it  one 
ad,  .iii-l  oontain         ome  of  the  liquid. 


1  tubes  ore  Liable  to  certain  irregularities  of  diameter, 

loUowa  that  equal  lengths  of  a  graduated  glass  tube  will  not 

kntadn  exactly  equal  volumes  ;  hence  it  is,  of  ooune,  impoaaible  to 

by  measurement  of  length  the  cepacitj  of  thi  1  I  i  •    and  of 

n'  tube. 

In  order  t"  provide  for  this,  the  tube  must  be  earefuUj  calibrated, 
it  is  supported  vertically  (fig.  07),  and  buco 
ititios  of  mercury  poured  in  from  a  meaaura    Tin 
lonld  oontain  aboul  as  much  mercury  as  ten  or  twenty  dh 
the  eudiometer,  and  in  made  of  a  piece  of  thick  govs  tab* 
oe  end,  and  with  t]  of   the  open  end  ground 

1  :       i'i       iii«'  is  fixed  into  ii  |ii«'«'"  "f  wood  in  order  to 
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avoid  tnipiilaliiiii.     T! 

.    .  ■ 
i  tube,  which  n  passed  to 
<>f  the  measure  (li^.  68).    On  corefull)  i 

i\     fl0W8    IllUl    111*'     111 

Ihering  to  the  sides.     A  gloat  plate  is  now  prated  on  the  ^roniwl 
•  •f  the  tube,  which  expels  the  excess  of  '  leaves 

Tin*  mercury  m\v 
the  measure  in  u  manner  which  h*  simpler  and  aa 
perhaps  not  quite  so  convenient,  by  first  closing  it.  with  a  glass 
piste,  and  depressing  il  in  the  mercurial  trough,  removing  fch 

and  again  replacing  it  before   mi 
nbuvi'   tin*  surface  -<f  the  mercury.      After  pourin 
quantity   of    mercury    into    the   eudiometer,    the   air-bubblos  nsv 
.\\  detached  from  tin   sid<  s  03  1  \m  r^i 

Leboue,  and  the  J« * v •  ■  I  of   the  n 

part  "f  the  curved  -  ;  hilly  observed. 

In  Euemanta 

in  gn  Boaiyidfl  it  I 

J  tint  tie 
hould  be  exactly  on 
■  level  with  the  bu? 
of  tl»e  tnercurr,  f* n  tie- 
parallax  ensuing  if  this 
were  not  the  case  would 
produce     grave     erron 
in    the    rending*.     The 
placing  of  Hi.  eye  in  the 
proper  position  mag   I 
ensured  in  two  ways.   A 
nmall   pieoe   <»f  Looking- 
glass  (the  bach  of  which 
is    painted,   ax  covered 
with  paper  to  prevei 
sccidentaJ  suuing  of  the 
try  in  the  troogh)  Lb 
placed  behind,  ami   in  contact  with  the  eudiometer.     The  1 
now  placed  in  such  a  position  that  the  of  the  pupil  of 

the  eye  is  precisely  on  a   Level  with  the  surfao  "f  tin 
the  tube,  and  the  measurement  made.     As  this  pi<  < 

the  hand  of  the  operator  being  placed  near  the  eudi 

might  cause  the  warming  of  the  tube,  it  is  pi 
with  a  telescope  placed  at  n  distance  of  from  two  to  six  fVet  from 
the  eudiometer.     The  telescope  is  fixed  on  u  stand  in  u  horizontal 
position,  and  the  support  is  made  to  alide  on  a  vi  1  The 

orfacc  of  the  mercury  is  brought  t"  the  oei 
the  field  of  the  telescope,  indicated  by  the  ct 
pi©  •■.  and   the  re  'liny  t;*V<  n.     Tin*  telescope   I 
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I  icflitatmg  the  •'Ktmmti<'ii 
ii\  the  eye  of  tenths  "i  the  divisions.  Kg.  N  represents  tin* 
Sppearani  ■••    of    tin-    tube    and    memirv  :^  .scon    by  an    inv&rtiug 

bis  method  the  cupneity  of  the  tube  at,  different  part*  of  it* 
length  i-  determined.     If   the  tribe  were  of    tmifctrm  bare,  each 
measure  of  mercury  wouM  occupy  the  mun  Length  in  the  tube; 
but  ae  this  ix  never  the  cose,  the  value  of  tin    divisions  &1  a  ' 
of  tin.*  tube  nil]  aot  be  found  to  be  tin'  same, 

Prom  tin-   dal  i  d  by  measuring  the  space  in  tin-  tube 

which  is  occupied  by  equal  volumes  of  mercury,  ■  table  is  oon- 
atnicted  by  which  the  compaiative  valuee  of  each  millimeti  r  of  the 
t  ul M-  can  be  found.  The  following  results  ware  obtained  in  the 
calibration  of  .■  orption  eudiamoter: — 

On  tli«*  introduction  ol  thf  3rd  volume  of  mcrenry,  the  reading-  wm  J2*R  mm. 
..       4th  ..  „  18H 

..       &th  ..  .,  24-0 

..       6th  „  „  IM 

..      7th  ..  ,.  35-2 

..       8th  ,.  „  41-0 

Thu»,  the  standard  rolames ocenpied  5*6  tn.ui.,  between  12*fl  an  I 

5*6  ,.         18'4    ,.   340 

3-6 

5"4  ..         29*    .. 

S*  „         S5*2    „    41*0 

the  measure  of  mercury  bo  contain  5*8  voh 
■  ■•■  between  tw<  Lgp  on  the 

),  tin-  volume  at  the  six  |>oin1  vrn  will  In-  as  follows: — 

At  12-8  n  wtU  be  17-4  or  6*8x3 

18-4  „  23-i*  „  5-8x4 

24/0  „  29-0  .,  5-8x1 

3*8  „  84-8  ..  5-8  ,  6 

85-2  „  40*0  „  5*8x7 

41-0  I'M  „  5'8xS 

'■n  the  fira|  and  Reennd  readings  tb  p   con- 

iod  in  5*6  divisions,  consequently  est  Ii  millimetei  rxttreenondi  to 

dso  the  value  of  the  divisions  between  the 

ml  third    i  Between  tin-  third  and  fourth  1  m. in. 

ntains  1   vol  ;  between  the  fourth  and   fifth,  1  num.  contains 

1*0741  vol. ;  end  between  the  fifth  and  sixth  nun.  ~  1  vol 

From  those  data  the  value  of  each  millimeter  on  the  tab 

lily  lie  calculated     Thus  13  will  contain  the  value  of  12*64 

value  of  0*2  <■!  n  division  at  tbii  part  of  the  tube,  or  17*4  + 

•0357  x  0*2)=  1760714.     There    is,    however,   no    asad     i 

yond  the  second  plao  of  decimals,  and,  For  .ill  piaotical  purposes, 

Buffident     Thus,  bj  adding  or  robtroctonn  the 

ry  volumes    from  the  ex|w>rimont*d  numlwrs,  we    find  the 
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values  of  the  divisions  nearest  to  the  six  points  at  which  the 
readings  were  taken  to  be — 

13  =  17-61  or  17-6 


18  =  2279  „ 
24  =  29-00  „ 
30  =  35-00  „ 
35-40*38  „ 
41  =  46-40  „ 


22-8 
29-0 
35-0 
40-4 
46-4 


In  a  precisely  similar  manner  the  values  of  the  intermediate 
divisions  are  calculated,  and  we  thus  obtain  the  following  table :— 


! 

Value*.            ! 

i 

1 

Vihwa, 

1 

; 

10 

14-50 

14-5    | 

21 

25*89 

25-9 

32 

3715 

37*1 

11 

1554 

15-5 

22 

26-93 

26-9 

33 

38-22 

38-2 

12 

16-57 

16-6 

23 

27-96 

28-0 

34 

39-30 

39-3  ; 

13 

17-61 

17-6    | 

24 

29-00 

29-0 

35 

40-38 

40-4 

14 

18-65 

18-6    | 

25 

30-00 

30-0 

36 

41-40 

41-4  ' 

15 

19-68 

19-7 

26 

31-00 

31-0 

37 

42-40 

42-4  J 

16 

20-71 

20-7 

27 

32-00 

32-0 

38 

43-40 

43-4  ! 

17 

21-75 

21-8    | 

28 

33-00 

33-0 

39 

44-40 

44-4  1 

18 

22-79 

22-8    | 

29 

34-00 

34-0 

40 

45-40 

45-4  ■ 

19 

23-82 

23-8 

30 

35-00 

35-0 

41 

46-40 

464  . 

20 

24-86 

24-9 

31 

36-07 

361 

&C. 

&C 

fe   | 

If  it  be  desired  to  obtain  the  canity  of  the  tube  in  cubic 
centimeters,  it  is  only  necessary  to  determine  the  weight  of  the 
quantity  of  mercury  the  measure  delivers,  and  the  temperature  at 
which  the  calibration  was  made,  and  to  calculate  the  contents  by 
the  following  formula : — 


C  = 


,7x(l+0-0001815Q 
13596V 


in  which  //  represents  the  weight  of  the  mercury  contained  in  the 
measure,  t  the  temperature  at  which  the  calibration  is  made, 
0'0001815  being  the  coefficient  of  expansion  of  mercury  for  each 
degree  centigrade,  Y  the  volume  read  off  in  the  eudiometer,  aud  C 
the  number  of  cubic  centimeters  required. 

A  correction  has  to  be  made  to  every  number  iu  the  table  on 
account  of  the  surface  of  the  mercury  assuming  a  convex  form  in 
the  tube.  During  the  calibration,  the  convexity  of  the  mercury  is 
turned  towards  the  open  end  of  the  tube  (fig.  70),  whilst  in  the 
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nent  of  a  f*ns  the  convexity  will  be  in  the  oppoaitu 
71k     Ii  i-  obvious  that  the  quantity  «>f  msoreuiy  hum 

the  calibration,  while  the  eudiometer  i>  inverted,  will  be 

than  a  volumi  dJ  ontained  in  the  tube  when  the  me: 

mil.-  bl  ti>  n,  while  tli"  radiometer  if  erect    The 

■,  amount  of  correction  i>   determined    by  g   the 

*'f  the  top  "f  the  meniscus,  end  then  introducing  a  bw 

i-f  a  soluti'Ht  'i  corrosive  sublimate,  which  will  immediately 

■  ■t  the  mercury  to  become  horizontal  (fig  72),  nml 

urn  measuring. 

It  will  I bserved  that  in  tig.  71  she  toped  the  h  was 

tin-  division  39,  whereas  in  fi^'.  7*_\  after  the  addition  of  corrosive 
ibHmate,  the  horiaonta]  surface  «-f  th<    mi   i  tb  at  38*7, 

if  0*3  in. in.     If  the  tube  were  now  j  I 
u  Introduced  so  that  tho  t<>]»  <>f  th*.-  nn-iiisriiH  w,\? 


•Kg.  71. 


Pijr,  J*. 


if  it  were  now  possible  to  overcome  the  capillarity,  the  horaantal 
ihl  ;it  .39*3.  Tin-  small  cylinder  of  gtu  between 
■i  0*6  division,  would  thus  ■  i     anient. 

Tin-  nnmbe]  0*6  is  therefore  called  the  i  rror  of  mewtsctis,  and  moat 
added  to  all  readings  of  gas  in  the  eudiometer.     Tin*  difference, 
trefare,  between  the  two  readinga  i-  multiplied  by  two,  and  the 
rented  by  the  product  obtained — tin-  -  rror  of  '>"  n 
Led  to  the  measurements  before  finding  tin*  corresponding 
ili.    table.     In   the  case  oi    the  tube,  of  whl«  1 

■  it,  tin'  ilinViviu-t:  I'.  ;  I-  two  readings 

04  rn.nL,  making  the  error  ->f  meniscus  0*t». 
All  i  i  ith  the  Bppai  ibed, 


*  Id  (hew  tbe  uif  ruurj  should  just  touch  39. 


£ 


i    be  conducted  in  u 
window  facing  the  dotUj, 
into  it,  and  carefully  protected  from  flu 
which   might  cau  nf  tem]n  mtvu 

The  mercury  employed  should  be  punfied  <  ^ihle,  i 

laid  and   tin,  win..},  may  In-  done 
•  iii^  it  in  contact  \\  itli  -111 

Ban]  {ot 
"ii)'-  time,  ot  by  keeping  it  ^  i 
ont  of   use  ondflf   oanoeoitatnd 
sulphuric  acid,  u<  which  some  a 
enxoua  milpliatfi  una  been  add 
This  mercury  reservoir  D 
\i-iiK-ntl4v  ba  made **l  a  gins.-  globe 
with  a  neck  ut  the   bop  and  a 
figs  "--1). 
and  which  is  not  Blind  u. 
one-half,  ao  aB  to  maintain  afl  Iftlgl 
a  surface  as  possible   in   oonj 
with   the   sulphuric   acid.     Any 
foreign  metals  (with  the  excepl 
«»f    silver,    gold,    and    platinum) 
which  may  ba  present  nro  remove  I 
by   the    mercurous   sulphate,    am 
equivalent  quantity   of   mercury 
being  precipitated.    This  ptooi 
which    was    originated    hy    M. 

Devill*,    has    Wen    in    use    ftu 

many  years  with  vei 

results,  the  mercury  being  always 

dean  and  dry  when  drawn  b 
iln-  stop-cock  at  the  bottom  of  I 
globe.    The  mouth  of  the  pJKoba 
ihoold  ba  leapt  dose  t«»  prevent 
tin-  absorption  of  water  by  the 
sulphuric  a  i  I 

In  all  cases,  where  proctii  il-l-. 
yases  should  be  measured  whan 
completely  aatarated  with  aqnaona 
vapour:  to  ensure  tins,  the  top 
ed  the  eudiometer  ami  absorption 
tubes  should  be  mnisiriifil  hat 
the  introduction  of  the  mercury. 

This  may  be  done  by  dipping  the  end  of  a  piece  of  iron 
into  water,  and  toucliing  the  interior  of  tin 
the  tube  with  the  point  of  the  win?. 

In  filling  the  eudiometer,  the  greatest  care  mti 
i   to  exclude  all    air-bubbles  from  the  tubes,      Tl 
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\\  ways:  the  eudiometer  may  in-  bald  in  an  inverted 
or  inclined  position,  anil  the  mercury  introduced  through  a  BfROW 
glass  tube  winch  passes  to  the  end  of  the  eudiometer  and  com- 
municates, with  the  intervention  of  a  stop-cock,  with  a  I  Will  VI  li  I 
of  mercury  (fig.  74).  On  carefully  Opaning  the  BSQMOOk,  tin* 
mercury  slowly  flows  into  the  audlOBietaz,  antiralj  difplacuig  the  air. 
The  same  result  may  be  obtained  by  placing  tin  audiometer  inarlv 
in  a  horizontal  position,  and  carefully  intrudueing  the  m nurv 
from  a  test-tube  without  a  rim  (fig.  75).  Any  minute  bubbles 
ad  luring  to  the  side  may  generally  be  removed  by  eloaiflg  the 
mouth  of  the  tube  with  the  thumb,  and  allowing  a  una]]  airdmbble 
to  rise  in  the  tube,  and  thus  to  waah  it  out  After  filling  the 
eudiometer  entirely  with  mercury,  and  inverting  it  over  the  trough, 
it  will  generally  be  found  that  the  air-bnbblea  have  bees  removed. 

For  the  introduction  of  the  pMea,  tin-  audiomatex  should  be 
placed  in  a  slightly  inclined  position,  being  held  by  a  support 
attached  fco  the  mercurial  trough  (fig.  76),  ami  the  gaa  transferred 


r-^ 


from  the  tuba  in  which  it  has  been  ooUeotad.  Tin'  audiometer  is 
now  put  in  an  abecJutely  vertical  position,  determined  by  a 
phunb-line  pUraed  Dear  it,  and  a  thermometer  suspended  in  dose 

|nii\iinity.  It  must  then  be  left  for  at  least  half  an  hour,  no  mm 
being  allowed  to  enter  the  EOOCO  in  the  meantime.  After  the. 
expiration  of  this  period]  the  oporahiT  enters  the  room,  and,  by 
of  the  telescope  placed  several  feet  from  tin  men  urv  table, 
carefully  observes  the  height  of  the  mercury  in  the  tube,  estimating 
the  tenths  of  a  division  with  the  eye,  which  can  readily  be  done, 
after  a  little  practice.  He  next  reads  the  thermometer  with  the 
telescope,  and  finally  the  height  of  the  mercury  in  the  trough  is  read 
off  on  the  tube,  for  which  purpose  the  trough  must  have  glass  sides. 
The  difference  between  these  two  numbers  is  the  length  of  the 
column  of  mercury  in  the  eudiometer,  and  lias  to  be  subtracted 
bom  the  reading  of  the  barometer.  It  only  remains  DO  take  Die 
height  of  the  barometer.  The  most  convenient  form  of  instrument 
for  gas  analysis  is  the  syphon  barometer,  with  the  divisions  etched 
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on  the  tube.  Tliia  is  placed  on  the  mercury  table,  so  that  it  may 
be  read  by  the  telescope  immediately  after  the  measurement* 
in  the  eudiometer.  There  are  two  methods  of  numbering  the 
divisions  on  the  barometer:  in  one  the  zero  point  is  at  or 
near  the  bend  of  the  tube,  in  which  case  the  height  of  the 
lower  column  must  be  subtracted 
from  that  of  the  higher;  in  the  other 
the  zero  is  placed  near  the  middle  of 
the  tube,  so  that  the  numbers  have  to 
be  added  to  obtain  the  actual  height 
In  cases  of  extreme  accuracy,  a  correction 
must  bo  made  for  the  temperature  of  the 
barometer,  which  is  determined  by  a  ther- 
mometer suspended  in  the  open  limb  of  the 
instrument,  and  passing  through  a  plug  of 
cotton  wooL  Just  before  observing  the 
height  of  the  barometer,  the  bulb  of  the 
thermometer  is  depressed  for  a  moment 
into  the  mercury  in  the  open  limb,  thus 
causing  a  movement  of  the  mercurial 
column,  which  overcomes  any  tendency 
that  it  may  have  to  adhere  to  the  glass. 

In  every  case  the  volume  observed  must 
}>e  reduced  to  the  normal  temperature  and 
pressure,  in  order  to  render  the  results 
comparable.  If  the  absolute  volume  is 
required,  the  normal  pressure  of  760  m.m.  *  I J 

must  be  employed :  but  when  comparative        .   j  B  /j 
volumes  only  are  desired,  the  pressure  of         v^l  If 
1000   m.m.    is  generally  adopted,  as  it 
somewhat  simplifies  the  calculation.     In 
the  following  formula  for  correction  of  the 
volume  of 


V1  =  the  correct  volume. 

V  =  the  volume  found  in  the  table,  and 
corresponding  to  the  observed  height  of 
the  mercury  in  the  eiidionieter,  the  error 
of  meniscus  being,  of  course,  included. 

B  =  the  height  of  the  barometer  (cor-  V 

rected  for  temperature,  if  necessary)  at 
the  time  of  measurement. 

/>  =  the  difference  between  the  height  of  the  mercury  in  the 
trough  and  in  the  eudiometer. 

t  =  the  temperature  in  centigrade  degrees. 

T  =  the  tension  of  aqueous  vapour  in  millimeters  of  mercury 
at  t°.  This  number  is,  of  course,  only  employed  when  the  gas  is 
saturated  with  moisture  at  the  time  of  measurement. 


03.       COHRECTIONS  FOIi  TEMPERATL'Kfi  A.\I>  lIinssiTlC.        40." 

Thou 

Yx(B-t-T) 
~760x(l+00036*> 

■when  the  1 1  10  nun.  i*  oonaidered  tin-  normal  one;  or, 

Vx(R-A-T) 


V 


100O>^(l•f0-0O3GG.J0, 


when  tin.-  normal  pressure  ol  1  mi  I  iptecL 

In  v;w*  where  tit.-  temperature  :a  measurexDeal   in  below  0* 

M  which  nurelj  happens),  the  factor  1  -0-003665/  mud 
Tftbli-A  have  b  intaining  the  valuee  -.f  t.  .,i 

000  x  (1 +0-0036650,  Bod  of  700  x  (1  +  00036657),  whioh 
cry  much  facilitate  the  numeioua  calculations  required  in  this 
►ranch  of  analysis.*     Those  will  be  found  at  the  end  *>f  the  b    ' 


Kg.  7ft 
hall  now  I"-  in  a  position  t«>  examine  the  ntlhoda  employed 

3  analysis      Smin  i--1  imalcd  .In  i  ■!    i-, 

i  -,  tie-  diminution  ut  the 
lnni"  b  <|Liantity  of    the  gas   present.     Some  are 

nod    indirectly;    that   is,   by   exploding   them  with  o 

;n^r  tlic  quantities  of  the  product*.     Some  gaaea 
estimated  either  directly  or  indii  to  the 

i  which  L] 

forward  a  coj.y  o(  thu*e  Tables,  print*1*!  •ep*rat«ly  for  laboratory 
iny  oue  desiring  ttieiii,  uu  iec«ipt  of  Uio  nmeuary  address. 
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1.    GASES   ESTIMATED    DXBXOTXiT. 

A.    Gasas  Absorbed  by  OiystslH— ft  Sodlo  Phosphata  and  gotassh) 

Hydrate:— 

Hydrochloric  acid, 
Hydrobromic  acid, 
Hydriodic  acid. 

S.    Gases  Absorbed  by  Potasslo  Hydrate,  and  not  by  CrystalHssd 
Sodlo  Phosphate:— 

Carbonic  anhydride, 
Sulphurous  anhydride, 
Hydrosulphuric  acid. 

O.    Gases  Absorbed  by  neither  Crystallised  Sodlo  Phosphate  nor 
Potaaslo  Hydrate:— 

Oxygen, 
Nitric  oxide, 
Carbonic  oxide, 

Hydrocarbons  of  the  composition  Cn  EPn, 
Hydrocarbons  of  the  formula  (Cn  H*n  +  1)*, 
Hydrocarbons    of    the    formula    Cn   H?n+2, 
except  Marsh  gas. 

2.    GASES    ESTIMATED    INDIBECTLY. 

Hydrogen, 
Carbonic  oxide, 
Marsh  gas, 
Methyl, 

Ethylic  hydride, 
Ethyl, 

Propylic  hydride, 
Butylic  hydride, 
Nitrogen. 


DIBECT    ESTIMATIONS. 

Group  A,  containing*  Hydrochloric,  Hydrobromic,  and 
Hydriodic  Adds. 

§  95.  In  Bunsen's  method  the  reagents  for  absorption  ate 
generally  used  in  the  solid  form,  in  the  shape  of  bullets.  To  make 
the  bullets  of  sodic  phosphate,  the  end  of  a  piece  of  platinum  wire, 
of  about  one  foot  in  length,  is  coiled  up  and  fixed  in  the  centre  of 
a  pistol-bullet  mould.     It  is  well  to  bend  the  handles  of  the  mould, 


T1MATI0NS. 


■Ki7 


when  it  ia  dosed  the  handle     i  td  maybe 

BE  W1M   (fig    77  J.      Tin-  usual 

tin'  platinum  win-,  in  tie-  bole  through  which  tin- 

■  d  ;  but  ii  onvenienl  t"  file  =■  email  notch  in 

of  the  faces  of  the  open  mould,  and  place  the  win  in  tin  - 
he  mould  i^  ekeed    In  this  luiuiin.r  tin  -  wire  ia  not  in  tin: 
>  'In  -At  ami  it  ia  subsequently  more  easy  to  trim 

a  bullet,    8 *  otd  I  tlhzed  s<m1J.-  pli.Kpii.it*-  is  fused  in 

platinum  CTUciblfl  (or  better,  in  a  small  pi  due  tul>e, 

I.  and  with  n  spout  at  tin.'  other,  and  held  by  a 
.wiv  handled  and  poured  into  tin-  bullet  mould  (liy.  78). 
Wlu-n  ([uiu*  cold,  tin-  mould  is  first,  gently  wanned  in 

,  and  the  bullet  removed  Ii'  tin-  vanning  of  tin-  mould  is 
itUul,  Um  bullet  is  frequently  broken  in  consequence  of  its 
hating  u,  the  metal     Bos  be  reoommend  the  ose  of  aodie 

phate  inatead  of  phosphate,  winch  may  Ih:  made  into  balln  by 
iping  the  coiled  end  of  a  niece  of  platinum  win-  into  the  salt 


PI 


Kg.  77. 


Fig.  78. 


in   it-   w.it.'i    of    crystallization.      Ob   removing  tin1   wire,  a 

iall  quantity  of  the  salt  will  remain  attached  to  the  wire.    When 

luufied,  it  is  again  introduced  for  a  moment  and  a 

•r  quantity  will  collect  :  and  thia  w  repeated  until  tin1  lull   ifl 

itly   Itr^'c.     The  bulls  must  bo   tiuite  smooth,  in  ordet  to 

ivant  the  introduction  of  any  air  into  the  eudiometer,     When 

the  bull lo  in  a  mould,  it  [i  remove  the 

ahort  i  i*  produced  by  the  orifice  through  which  the 

been  poured. 
In  the  estimation  "f  these  gase**,  it  i^  necessary  that  they  should 

perfectly  dry.     Tins  may  be  attained  by  introducing  a  bullet  of 

ti  \v  chloride.     After  the  lapse  of  about  a  hour,  the  bullet 

removed,  tie-  absorption  tub"  placed  in  a  vertical  position, 

[th   thermometer,  etc,  arranged   for  the  reading,  and   b-ft  for 

l    to  assume   the   tem]»eruture  of  the  air.     When  the 

been  taken,  one  of  the  bulleta  of  sodic  phosphate  or 

iilphate  is  depressed  in  tin   trough,  wiped  with  the  fingers 

ii  u  2 
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while  under  the  mercury  in  order  to  remove  any  air  that  it  might 
have  carried  down  with  it,  and  introduced  into  the  absorption  tube, 
which  for  this  purpose  is  inclined  and  held  in  one  hand,  while 
the  bullet  is  passed  into  the  tube  with  the  other.  Care  must  be 
taken  that  the  whole  of  the  platinum  wire  is  covered  with  mercury 
while  the  bullet  remains  in  the  gas,  otherwise  there  is  a  risk  of 
air  entering  the  tube  between  the  mercury  and  the  wire  (fig.  79). 

After  standing  for  an  hour,  the  bullet  is  withdrawn  from  the 
absorption  tube.  This  must  be  done  with  some  precaution,  so  as 
to  prevent  any  gas  being  removed  from  the  tube.  It  is  best  done 
by  drawing  down  the  bullet  by  a  brisk  movement  of  the  wire,  the 
gas  being  detached  from  the  bullet  during  the  rapid  descent  of  the 
latter  into  the  mercury.  The  bullet  may  then  be  more  slowly 
removed  from  the  tube.  As  sodic  phosphate  and  sodic  sulphate 
contain  water  of  crystallization,  and  a  corresponding  proportion 
of  this  is  liberated  for  every  equivalent  of  sodic  chloride  formed, 
care  must  be  taken  that  the 
bullets  are  not  too  small,  else 
the  water  set  free  will  soil  the 
sides  of  the  eudiometer,  especially 
if  there  is  a  large  volume  of  gas 
to  be  absorbed.  As  a  further 
precaution,  drive  off  some  of  the 
water  of  crystallization  before 
casting  the  bullet.  When  the 
bullet  has  been  removed,  the  gas 
must  bo  dried  as  before  with 
calcic  chloride  and  again  measured. 
If  two  or  more  of  the  gases  are 
present  in  the  mixture  to  bo 
analyzed,  the  sodic  phosphate  ball 
must  be  dissolved  in  water,  and 
the  chlorine,  bromine,  and  iodine 
determined  by  the  ordinary  ana- 
lytical methods.  If  this  has  to 
be  done,  care  must  be  taken 
that  the  sodic  phosphate  employed  is  free  from  cldorinc. 


Group  B.    Gases  absorbed  by  Potassic  Hydrate,  but  not  by 
Sodic  Phosphate. 

Carbonic    anhydride,    sulphuretted    hydrogen,    and 
sulphurous    anhydride. 

§  96.  If  the  gases  occur  singly,  they  are  determined  by  means 
of  a  bullet  of  caustic  potash  made  in  the  same  manner  as  the  sodic 
phosphate  balls.  The  caustic  potash  employed  shoxrid  contain 
sufficient  water  to  render  the  bullets  so  soft  that  they  may  be 
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marked  with  the  nail  when  cold.  Before  use  the  balls  must  be 
slightly  moistened  with  water ;  and  if  large  quantities  of  gas  have 
to  be  absorbed,  the  bullet  must  be  removed  after  some  hours, 
washed  with  water,  and  returned  to  the  absorption  tube.  The 
al>sorption  may  extend  over  twelve  or  eighteen  hours.  In  order  to 
ascertain  if  it  is  completed,  the  potash  ball  is  removed,  washed, 
again  introduced,  and  allowed  to  remain  in  contact  with  the  gas 
for  about  an  hour.  If  no  diminution  of  volume  is  observed  the 
operation  is  finished. 

The  following  analyses  of  a  mixture  of  air  and  carbonic  anhydride 
will  serve  to  show  the  mode  of  recording  the  observations  and  the 
methods  of  calculation  required. 

Analysis  of  a  Mixture  of  Air  and  Carbonic  Anhydride. 
1.     Gas  Saturated  with  Moisture. 

Height  of  mercury  in  trough   .  =  171  "8  m.m. 

Height  of  mercury  in  absorption  eudio- 
meter =  89*0  m.m. 

Column  of  mercury  in  tube,  to  be  sub-  

tracted  from  the  height  of  barometer  =  b  —  82-8  m.ni. 


Height  of  mercury  in  eudiometer  =  890  m.m. 

Correction  for  error  of  meniscus  =  0*8  m.m. 

89-8  m.m. 


Volume  in  table  corresponding  to  89*8 

m.m.  .  .  .  =  V  =  96-4 

Temperature  at  which  the  reading  was 

made  .  .  .  =  t  =  12*2°  ' 

Height  of  barometer  at  time  of  obser- 
vation .  .  .  =  B  =  765-25  m.ni. 

Tension  of  aqueous  vapour  at  12"2*      =T=     10*6  m.m. 

Vx(B-fe-T) 
v   "  1000  x  (1+0*003665*)" 

964  x  (765-25 -82-8 -10-6) 
1000  x  [1  +  (0*003665  x  12-2)] " 

96*4x671*85 
1000  x  1*044713  "oiyy* 

log.    96*4   =1*98408 

log.  671*85  =  2-82727 

4-81135 
log.  (1000  x  1-0447 13)  =  3*01900 

1*79235  =  log.  61  -994  =  V* 
Corrected  volume  of  air  and  CO2  -V-Ls  61*994. 
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After  absorption  of  carbonic  anhydride  by  bullet  of 
potassic  hydrate. 

Gas  Dry. 

Height  of  mercury  in  trough  .  ™         172*0  m.m. 

Height  of  mercury  in  absorption  eudio- 
meter .  .  .  =  62*5  m.m. 

Column  of  mercury  in  eudiometer        =  h  =  109*5  mm. 

Height  of  mercury  in  eudiometer         =  62'5  nxiu. 

Correction  for  error  of  meniscus  =  0*8  nun. 

63-3  m.m. 


Volume  in  table  corresponding  to  63*3 

m.m.  .  .  .  m  V  m  69*35 

Temperature    .  .  .  =  t  =  10*8" 

Barometer        .  .  .  =  B  =  766*0  mm. 

Vx(B-&) 


1000  x(l  +  0*0036650  " 

69*35  x  (766*0 -109*5) 
1000  x  [1  +(0*003665  x  10*8)] 

69-35x656*5 


1000x1-039582 


-43-795 


log.    69*35=1-84105 
log.  656-5  =281723 

4*65828 
log.  (1000  x  1*039582)=  3*01686 

1*64142  =  log.  43*795=  Y1 

Corrected  volume  of  air  =  43*795 
Air  +  CO2  =  61*994 
Air  =43  795 

C02=  18*199 

61*994     :     18-199    :  :     100     :    x  =  percentage  of  CO2 
18*199x100     nnnsK 
x=      61995      -29'355 

Percentage  of  CO2  in  mixture  of  air  and  gas  =•  29*355. 


=  b 

=  76-0 

m.m. 

= 

98-0 
0-8 

m.m. 
m.m. 

98-8 

m.m. 
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Gas  Moist. 

Height  of  mercury  in  trough  .  =         174*0  m.m. 

Height  of  mercury  in  eudiometer         =  98*0  m.m. 

Column  of  mercury  in  tube 

Height  of  mercury  in  eudiometer 
Correction  for  error  of  meniscus 


Volume  in  table,  corresponding  to  98*8 

m.m.  .  .  .  =V=  105-6 

Temperature    .  .  .  =t=    12*5* 

Barometer        .  .  .  =B=  738*0  nun. 

Tension  of  aqueous  vapour  at  12*5°     =T=    10*8  m.m. 

Corrected  volume  of  air  and  carbonic 

anhydride  =  65  *754 

After  absorption  of  CO2. 

Gas  Dry. 

Height  of  mercury  in  trough  ..  =         173*0  m.m. 

Height  of  mercury  in  absorption  eudio- 
meter =  70*3  m.m. 

Column  of  mercury  in  tube     .  =  b  =  1027  m.m. 

Height  of  mercury  in  eudiometer         =  70*3  m.m. 

Correction  for.  error  of  meniscus  =  0*8  m.m. 

71*1  rn.ni. 


Volume  in  table  corresponding  to  71*1 

num.  .     "        .  .  =V=    77*4 

Temperattirc    .  .  .  =  t  =    14*1* 

Barometer        .  .  .  =  B  =  733*5  m.m. 

Corrected  volume  of  air  =  46*425 

Air  +  CO2  =  65*754 

Air  =46-425 

CO2  =  19*329 

65-754  :  19*329  :  :  100  :  22*396. 

I.  ii. 

Percentage  of  CO2  in  mixture  of  air  and  gas    29*355    29*396 

If  either  sulphurous  anhydride  or  sulphuretted  hydrogen  occurs 
together  with  carbonic  anhydride,  one  or  two  modes  of  operation 
may  be  followed.  Sulphuretted  hydrogen  and  sulphurous  anhydride 
are  absorbed  by  manganic  peroxide  and  by  ferric  oxide,  which 
may  be  formed  into  bullets  in  the  following  manner.     The  oxides 
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are  made  into  a  paste  with  water,  and  introduced  into  a  ballet 
mould,  the  interior  of  which  has  been  oiled,  and  containing  the 
coiled  end  of  a  piece  of  platinum  wire ;  the  mould  is  then  placed 
on  a  sand  bath  till  the  ball  is  dry.  The  oxides  will  now  be  left  in 
a  porous  condition,  which  would  be  inadmissible  for  the  purpose 
to  which  they  are  to  be  applied ;  the  balls  are  therefore  moistened 
several  times  with  a  sirupy  solution  of  phosphoric  acid,  care  being 
taken  that  they  do  not  become  too  soft,  so  as  to  render  it  difficult 
to  introduce  them  into  the  eudiometer.  After  the  sulphuretted 
hydrogen  or  sulphurous  anhydride  has  been  removed,  the  gas 
should  be  dried  by  means  of  calcic  chloride.  The  carbonic 
anhydride  can  now  be  determined  by  means  of  the  bullet  of 
potassic  hydrate. 

The  second  method  is  to  absorb  the  two  gases  by  means  of 
a  ball  of  potassic  hydrate  containing  water,  but  not  moistened  on 
the  exterior,  then  to  dissolve  the  bullet  in  dilute  acetic  acid  which 
has  been  previously  boiled  and  allowed  to  cool  without  access  of 
air,  and  to  determine  the  amount  of  sulphuretted  hydrogen  or 
sulphurous  anhydride  by  means  of  a  standard  solution  of  iodine. 
This  process  is  especially  applicable  when  rather  small  quantities  of 
sulphuretted  hydrogen  have  to  be  estimated. 


Group  O.  This  group  contains  the  gases  not  absorbed  by  Fotassle 
Hydrate  or  Sodlo  Phosphate,  and  oonsists  of  Oxygen,  Nitric 
Oxide,  Carbonic  Oxide,  Hydrocarbon*  of  the  Jbxanuto  OnZTn 
(Cn*H2n+l)5,  and  CnB?n+»,  except  Karsh  gas. 

Oxygen  was  formerly  determined  by  means  of  a  ball  of 
phosphorus,  but  it  is  difficult  subsequently  to  free  the  gas  from 
the  phosphorous  acid  produced,  and  wliich  exerts  some  tension,  and 
so  vitiates  the  results ;  besides  wliich,  the  presence  of  some  gases 
interferes  with  the  absorption  of  oxygen  by  phosphorus ;  and  if 
any  potassic  hydrate  remains  on  the  side  of  the  tube,  from  the 
previous  absorption  of  carbonic  anhydride,  there  is  a  possibility  of 
the  formation  of  phosphoretted  hydrogen,  which  would,  of  course, 
vitiate  the  analysis.  A  more  convenient  reagent  is  a  freshly 
prepared  alkaline  solution  of  potassic  pyrogallate  introduced  into 
the  gas  in  a  bullet  of  papier-inach<5.  The  balls  of  papier-mache 
are  made  by  macerating  filter-paper  in  water,  and  forcing  as  much 
of  it  as  possible  into  a  bullet  mould  into  which  the  end  of  a  piece 
of  platinum  wire  has  been  introduced.  In  order  to  keep  the  mould 
from  opening  while  it  is  being  filled,  it  is  well  to  tie  the  handles 
together  with  a  piece  of  string  or  wire,  and  when  charged  it  is 
placed  on  a  sand  bath.  After  the  mass  is  dry  the  mould  may  be 
opened,  when  a  large  absorbent  bullet  will  have  been  produced. 
The  absorption  of  oxygen  by  the  alkaline  pyrogallate  is  not  very 
rapid,  and  it  may  be  necessary  to  remove  the  ball  once  or  twice 
during  the  operation,  and  to  charge  it  freshly. 
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Nitric  oxide   cannot   l>o   readily  absorbed    b rdinary 

:  n   tube ;  it  may,   however,    1"*   converted    into   nitrous 
hydride  and  nitric  peroxide  by  addition  of  excess  of  oxygen, 
pounds  with  potassic  hydrate,  and  the 
;eess«<i  by  potassic  pyrogollate,    Tin-  diminution  * 

will  give  the  oruantity  "f  nitric  oxide,  Tlii-;  process  is 
ute  Buooeaaftd  when  the  nitric  oxide  is  mixed  with  olftiunt  gas 
-]  ethync  hydride,  but  ii  is  possible  that  other  hydrocarbons 
gilt  b  on  by  the  ni     n      ox  pounds, 

larbonic  oxide  maybe  absorbed  by  two  Ef  carb 

lydridti  and  oxygen  be  present  they  must   be  absorbed  in  the 
uu  manner,  and  afterwards  s  papier-maohd  hull  saturated  with 
Dtrated  solution  of  cuprous  chloride  in  dilute  hydrochloric 
id  introduced     A  ball  of  caustic  potash 

removr  the  hydrochloric  acid  given  <>tl  by  the  previous  reagent, 

id   to  dry  thi   gas.     Carbonic  oxide  may  also  be  absorbed   by 

a  ImiII  of  potosaic  hydrate,  placing  the  absorption  tube 

deer  "f  i'  tin-  whole  En  a  water  bath  to 

100"   fur  60  hours.    The  carbonic   oxide  is  thus  converted    into 

notes  and  entirely  :  ! 

Olefiant  Gas  and   other  Hydrocarbons  ol   the    formula 

'iiH-n  rbod  by  Nordhausen  sulphuric  acid,  bo  which  an 

Lditional  quantity  of  sulphuric  anhydride  has  been  added.     Such 

arid  may  In1  obtained  by  heating  some  Kordhatiaan  acid  in 

retort  connected  with  tningasmaU  Djtumtitg  ol 

I.     This  Liquid  is  introduced  into  the  gas  by  means  of 

.h\  coke  bullet    These  build  todeby  filling  the  mould, 

ito  which  the  usual  platinum  wire  has  been  placed,  with  a  mixture 

of    finely  powdered  coke  and  bituminous  ooaL 

ould  is  then  heated  as  rapidly  as  poasibk  bos  bright  red 

jut,  and  opened  after  cooling;  a  hard  porous  ball  will  have  bean 

■  I,  which  may  1"'  employed   for  many  different    i 

tnetunes  difficult  to  obtain  the  proper  t&brJ  q  |  and 

>ke,  bul  when  ones  prepared,  the  bullets  may  be  mad.-  with  the 

:  ease  and  rapidity.     The  olenant  gas  will  be  absorbed  by  the 

tlphuric  acid  in  about  an  hour,  though  fcney  may  be  left  in  contact 

urs  with  advantage.     If,  on  removing  the  bullet, 

■till  fumes  strongly  in  the  air,  it  may  be  assumed  that  the 

lorption  is  omplete.    The  gas  now  contains  sulphurous,  sulphuric, 

id    perhaps   carbonic    anhydrides  j    those    mmj    be    removed   by 

followed  by  ono  »>f  potassic  hydrate,  or 

im-1   m;«\  be  omitted,  the  caustii    potash  alone  being  uaecL 

irioufl  members  of  the  CnH*n  group  cannot  be  saps 

,  but  1'V   ill-'  indirect  method    --f    malyais  their  relative 

ianiitii-s  in  a  mixture  may  be  determined. 

The  hydrocarbons  (CnlPn  -'j'-nd  CnH*n  •-■'-'  a  orbed 

which    i-    introduced    into    the 
ion    tube,  and    agitated    fur  time  with    tin 
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Correction  lias  then  to  be  made  for  the  weight  of  the  column  of 
alcohol  on  the  surface  of  the  mercury,  and  for  the  tension  of  the 
alcohol  vapour.  This  method  only  gives  approximate  results,  and 
can  only  be  employed  in  the  presence  of  gases  very  slightly  soluble 
in  alcohol. 

The  time  required  in  the  different  processes  of  absorption  just 
described  is  considerable;  perhaps  it  might  be  shortened  by 
surrounding  the  absorption  eudiometer  with  a  wider  tube,  similar 
to  the  external  tube  of  a  Liebig's  condenser,  and  through  which 
a  current  of  water  is  maintained.  By  means  of  a  thermometer  in 
the  space  between  the  tubes  the  temperature  of  the  gas  would  be 
known,  and  the  readings  might  be  taken  two  or  three  minutes 
after  the  withdrawal  of  the  reagents.  Besides  this  advantage,  the 
great  precaution  necessary  for  maintaining  a  constant  temperature 
in  the  room  might  be  dispensed  with.  A  few  experiments  made 
some  years  ago  in  this  direction  gave  satisfactory  results. 

INDIRECT    DETERMINATIONS. 

§  97.  Gases  which  are  not  absorbed  by  any  reagents  that  are 
applicable  in  eudiometers  over  mercury,  must  be  determined  in  an 
indirect  manner,  by  exploding  them  with  other  gases,  and  noting 
cither  the  change  of  volume  or  the  quantity  of  their  products 
of  decomposition;  or  lastly,  as  is  most  frequently  the  case,  by 
a  combination  of  these  two  methods.  Thus,  for  example,  oxygen 
may  be  determined  by  exploding  with  excess  of  hydrogen,  and 
observing  the  contraction ;  hydrogen  may  be  estimated  by  exploding 
with  excess  of  oxygen,  and  measuring  the  contraction ;  and  marsh 
gas  by  exploding  with  oxygen,  measuring  the  contraction,  and  al&> 
the  quantity  of  carbonic  anhydride  generated. 

The  operation  is  conducted  in  the  following  manner : — The  long 
eudiometer  furnished  with  explosive  wires  is  filled  with  mercury 
(after  a  drop  of  water  lias  been  placed  at  the  top  of  the  tube  by 
means  of  an  iron  wire,  as  before  described),  and  some  of  the  gas  to 
be  analyzed  is  introduced  from  the  absorption  eudiometer.  This 
gas  is  then  measured  with  the  usual  precautions,  and  an  excess  of 
oxygon  or  hydrogen  (as  the  case  may  be)  introduced.  These  gases 
may  be  passed  into  the  eudiometer  directly  from  the  apparatus  in 
which  they  are  prepared ;  or  they  may  be  previously  collected  in 
lipped  tubes  of  the  form  of  absorption  tubes,  so  as  to  be  always 
ready  for  use. 

For  the  preparation  of  the  oxygen  a  bull)  is  used,  which  is  blown 
at  the  closed  end  of  a  piece  of  combustion  tube.  The  bulb  is  alwut 
half  filled  with  dry  powdered  potassic  chlorate,  the  neck  drawn  out, 
and  bent  to  form  a  delivery  tube.  The  chlorate  is  fused,  and  the 
gas  allowed  to  escape  for  some  time  to  ensure  the  expulsion  of  the 
atmospheric  air ;  the  end  of  the  delivery  tube  is  then  brought 
under  the  orifice  of  the  eudiometer,  and  the  necessary  quantity  of 
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feted     When  ii  is  desired  to  pn  pare  the  oxygen  beforehand, 
I  directlj   from  the  bulb;  or,  another  method  t  • 
lopted  by  those  who 
!  with  the  n<"  esaary  appliances.    1  bulb 

lotoaaic  chlorate  with  ;i  Sprengel'a  mercurial  air-pump, 
to   I'u.-l"!!,  to  pr  du  H    B  vacuum   in 
is.     The  chlora  mi  boated 

-  through  the  mercury  at  the  end  of  the  Bprengel, 
□  withdrawn,  and  a  vacuum  again  obtained.    Tin-  chl 

1    ind  the  oxygen  collected  at  the  bottom  of 
el.     01  course  the  I or  obtainiu 

bulh  and  the  Sprengel  most  be  taken, 
Burrounding  tl      .  with  a  tube  filled 

itli  [nercury. 
The  b  far  these 

,  electroli   i  . 

Eunination  with 
(purities     which     would 
the   analysis.     The 
I  >y 
-I    for  this   purpose 
80)  consists  of  a  [ 
!<  oed   at  the 
I,  and  with  a  funnel  at 
r,  into  which  n  de- 
iibe  is  ground,  the 
■ 
int.     A  platinum  w  u 
tad  into  the  krwea  pan  of 
m   tui  ■■ :      ad 
mer    end    another   wire, 
platinum  plate  at- 
shed,  into  the 

Some   amalgam  of 
o  the  tube 
ok   U»  cover   tin-  lower 
Ltinum  wire,  and  the  ap- 

fillcd    nearly  to   tlie  neck  with  water,  acidulated    with 
jphuric  acid.     On  connecting  Una  platinum  wires  with  a  bel 
two  ot  i  ,  the  upper  wire  being  made  the  n> 

do,  pure  hydrogen  is  evolved  from  the  platinum  plate,  and, 
fter  thi  ion  of   the  air,   may   be  at   onoe  paased  tnl 

1,  collected    in    tutus    for   future 
;'  apparatus,  the  zin  n   Boon 

olution  of  zinc  sulphate,  which 
i  to  the   el  .In  order   to  remove  this  layer, 
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Buneen  has  a  tube  fused  into  tin-  apparatus  at  th 

m ;   this  is  bent  upwan]  :  to  the  larger  tul 

curved  downwards  just  I  ■   .  of  the  fu 

the  tube 

-  .n  i«i  into  the  l 

■  Had. 
Another  form  <>f  .  . 

Lructed.     A  six-ounce   wide-mouth    }<•■ 
fitted  with  cork,  or  better,  with  a  caoutchouc  atoppa     In 

four  tubes  ere  fit  i 
tube,  provided  with  a  U-tiuV,  containing  i  Iphmid 

acid,  to  conduct  the  hydrogen  to  tin-  mercurial  trough.     Thi 
tube,  long,  and  filled  with  mercury,  has  fu**! 

into  its  lower  end  a  piece  of  platinum   win 

■ 
simply  flattened 
tube   passes   nonrlv    - 
i   i.f    the 

and    cnt  "ff,   bo 
open  end  is  i  tittle 

■   ,'■]     of     tli' 

of   the  bottle  . 
caoub . 

d  compression  cock,  i 
to   the   end 

The  fourth  tul- 

-•t'  combustion    tube 

30   centimeters   in    ! 

and    whirli    may   with   ad- 

funnel   at   the   top.     Thi* 

down  tli"  bottle,  and 

it  is  i >h 

end 

connector  to  a  rod  of  amalgamated  tine     Th 
mercury  to  enable  the  operator  readily  t"  oonnect  the  zinc,  villi 
the  battery;  some  Bine  amalgam  is  placed  at  the  bottom  ■ 
bottle  j  and  dilute  sulphuric  acid  is  poured  in  through  Uu 
i  Mil   the   bottle   is  nearly  filled   with   liquid.     To  i 

■  •its  the  deliver)  tul>e  ia  dipped  into  m«  wins  Eroo 
the  positive  pole  of  the  buttery  placed  into  the  in  tfcj 
tul>e  to  which  the  zin<                                           i  gative  poll 

h)    means    of    mercury    with    the    platinum 
.    i  n   the   amalgam  al 
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d  and  Ui"  platinum  plate,  aa  in  Bunaes  .his,  travels 

the  rod  of  amalgamated  sine  to  the  [)liitimmi,  consequently 

current  continues  to  pass  \tntil  nearly  the  whol>  "'   the  Liquid 

be  bottle  hue  become  saturated  with  «mo  sulphate.     As  soon  oh 

.  column  ox  acid  ia  raised  in 
it.-  funnel  until  the  pressure  is  sufficient  t* *  force  the 

rcury  in  which  tin*  delivery  tube  la  placed.    Core  mnit  bo 
bo  quantity  of  acid  in  the  botti  ciant  to  prevent 

ij f  gu  through  tin-  funnel  tube,  and  aiao  that  the  delivery 

iot  puss  t li'.-ply  into  tlto  mercury  bo  u  I 

acid.    When  th  ,  the  oompn 

cock  "n  tube  la  opened  and  Ereah  add  poured  into  the 

funnel ;  the  dense  tine  sulphate  aolution  ta  thus  replaced  by  the 
lighter  liquid,  and  the  apparatus  ia  again  ready  for  use. 

tv.iy  com  transferring    oxygen    mal 

tdiometera  fa  a  gaa  pipette,  figured  and  daaetibed 
< 
taaary  in  all  cases  to  add  an  excess  of  the  oxygen  or 
gas  and  it  is  well  to  b  isure 

approximately  the  amount  added  without  going  through  the  frhole 
Tin's  may  be  conveniently  done  by  maki 
J\  raliltration  of  the  eudiometer  in  the  following  manner:— 
Tin-  tube  lb  lilltil  with  mercury,  u  volume  of  air  introduced  into 
it  from  .1  imall  tube,  and  the  amount  of  the  depression  of  the 
men  cond  volume  is  now  pa  further 

depreasion  will  !><•  produced,  l»i:t  leas  in  extent  than  the  previous 
"ii".  in  i  onsequence  of  fin-  shorter  column  "f  mercury  in  the  tube, 
Tliis>  is  repeated  until  tie.  eudiometer  ia  Idled,  and  by  nieans  of  h 
table  constructed  from  these  observations,  but  without  baking  an] 

of  the  variations  of  thermometer  or  barometer,  the  i  | 
can  introduce  the  requisite  quantily  of  gaa  Ii  '  i'  convenient 
to  make  this  calibration  when  the  Budiometea  ia  inclined  in  tin- 
support,  and  aiao  when  placed  perpendicularly',  so  that  the  sua 
may  It  introduced  when  tier  tube  i^  in  eithei  position.  A  table 
like  th"  following  ia  thus  obtained  :  — 

Dn 


1 
3 
3 
4 
5 
6 
7 


Tab* 

Tnbo 

hn-lii  |  ± 

nm  ***^»im 

27 

4.r) 

89 

61 

87 

75 

102 

B8 

116 

100 

L28 

L88 

explosions  of  bydrocarbona  with  oxygen,  it  ia  neceaaarj  to 
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liave  a  considerable  excess  of  the  latter  gas  in  order  to  moderate 
the  violence  of  the  explosion.  The  same  object  may  be  attained 
by  diluting  the  gas  with  atmospheric  air,  but  it  is  found  that 
sufficient  oxygen  serves  equally  well  If  the  gas  contains  nitrogen, 
it  is  necessary  subsequently  to  explode  the  residual  gas  with 
hydrogen;  and  if  oxygen  only  has  been  used  for  diluting  the 
gas,  a  very  large  quantity  of  hydrogen  must  be  added,  which 
may  augment  the  volume  in  the  eudiometer  to  an  inconvenient 
extent  When  atmospheric  air  has  been  employed,  this  incon- 
venience is  avoided.  After  the  introduction  of  the  oxygen,  the 
eudiometer  is  restored  to  its  vertical  position,  allowed  to  stand 
for  an  hour,  and  the  volume  read  off. 

The  determination  of  the  quantity  of  oxygen  which,  must  be 
added  to  combustible  gases  so  as  to  prevent  the  explosion  from  being 
too  violent,  and  at  the  same  time  to  ensure  complete  combustion, 
has  been  made  the  subject  of  experiment  When  the  gases 
before  explosion  are  under  a  pressure  equal  to  about  half  that 
of  the  atmosphere,  the  following  proportions  of  the  gases  must 
be  employed : — 

Volume  of         Volume  of 
Combtwttbk  (Hm.      Oxygon. 

Hydrogen      ....  1  1*5 

Carbonic  oxide       ...  1  1*5 

Marsh  gas     ....  1  5 

Gases  containing  two  atoms  of 

carbon  in  the  molecule,  as 

Methyl,  C*H*    ...  1  10 

Gases  containing  three  atoms  of 

carbon  in  the  molecule,  as 

Propylic  hydride,  C3H8       .1  18 

Gases  containing  four  atoms  of 

carbon  in  the  molecule,  as 

Ethyl,  OH10     ...  1  25 

In  coses  of  mixtures  of  two  or  more  combustible  gases, 
proportionate  quantities  of  oxygen  must  be  introduced. 

At  the  time  of  the  explosion,  it  is  necessary  that  the  ^§M 
eudiometer  should  be  carefully  closed  to  prevent  the  loss  pjg.  gg. 
of  gas  by  the  sudden  expansion.  For  this  purpose  a 
thick  plate  of  caoutchouc,  three  or  four  centimeters  wide,  is 
cemented  on  a  piece  of  cork  by  means  of  marine  glue,  or  some 
similar  substance,  and  the  lower  surface  of  the  cork  cut  so  as  to  lie 
firmly  at  the  bottom  of  the  mercurial  trough  (rig.  82).  It  is,  how- 
ever, preferable  to  have  the  caoutchouc  firmly  fixed  in  the  trough. 
As  the  mercury  docs  not  adhere  to  the  caoutchouc,  there  is 
some  risk  of  air  entering  the  eudiometer  after  the  explosion ; 
this  is  obviated  by  rubbing  the  plate  with  some  solution  of 
corrosive  sublimate  before  introducing  it  into  the  mercury,  which 
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causes  the  metal  to  wet  the  caoutchouc  and  removal  ;tll  air  from 

its  surface.  When  the  caoutchouc  is  not  fixed  in  the  trough,  the 
treatment  with  the  corrosive  sublimate  has  to  1m-  njnau^l  before 
every  ox|>eriment,  and  ttiis  noils  tin-  surface  of  the  mercury  to  SO 

mconvenient  extent.    Tli-'  aj    I  &         ed  to  the  bottom 

of  the  trough,  ami   tin*   Bttdiom*t81   placed  OH   it  ami   tiniily   held 

donna  (tig.  83).  If  this  is  done  with  the  bends,  the  tube  must 
be  beld  by  that  portion  containing  the  mercury,  for  it  m  found 

that  when  eudiometers  hurst  (which,  however,  only  happen*  when 
•one  precaution  has  been  neglected) 
they  invariably  give  way  just  at  the 
level  of  the  mercury  within  the  tube, 
and  serious  accidents  might  occur  if 
i  lie  hands  were  at  this  point  The 
of  the  fracture  at  tola  point  is 
the  following : — Though  the  gas  ia  at 
a  pressure  below  that  of  the  atmosphere 
the  explosion,  yet  at  the  instant 
of  the  jKissage  of  the  spark,  the.  6X- 
ion  of  the  gas  at  the  top  of  the 
tube  condenses  the  layer  just  below  it ; 
this  on  exploding  increases  the  density 
of  the  gas  further  ddwn  the  tube,  and 
by  the  time  the  ignition  isennimunii 
to  the  lowest  quantity  of  gas,  it  may 
be  at  a  pressure  far  above  that  of  the 
atmosphere.  It  may  be  thought  that 
the  explosion  is  so  instantaneous  that 

this  expliinatie.ii   is   merely  theoretical  j 

but  on  exploding  a  long  a  than  o  of  gas,  the 
time  required  for  the.  complete  ignition 
hi  quits  perceptible,  and  sometimes  the 
tlash  may  be  observed  to  1«-  more 
uat  at  the  surface  of  the  mercury. 
experimenters  prefer  to  ttx  the 
eudiometer  by  means  of  an  arm  from 
a  vertical  stand,  the  arm  being  hollowed 
OOt  on  the  under  side,  and  the  cavity 
lined  with  cork. 

If  a  large  quantity  of  incombustible 
gas  is  present,  the  iuumnmahiliiy  of 
the  mixture  maybe  so  mm-.h  reduced  that  either  the  explosion 
does  not  take  place  at  all,  or,  what  may  be  worse,  onlj 
oombuatlon  ensues.  To  obviate  this,  aonu  explosive  mixture  of 
oxygen  ami  hydrogen,  obtained  by  the  eloctrolTBW  of  Wftter, 
must  be  introduced.  The  apparatus  need  by  Boneen  for  this 
BO  is  shown  in  tig.  fc*4.  The  tube  in  which  thfl  electrolyaiB 
takes  place  is  surrounded  by  a  cylinder  containing  alcohul,  in  order 


YoU 


I 


rtttl    Hi.'   beating  "f   the   liquid.     A   convenient  apparatus 
for  tha  prestation  «»f   tli  made   by  bloi 

four  centimeters  in  d  i 

glass   tube,   scaling   two    i  lattencd 

oppoeil  oi  tlic  globe,  and  bending  the  tube  so  as  t 

;i  delivery  tube.     Dilute  sulphuric  acid,  containing  al 

i  .-.1   into  i 
bending  tli"  tube,  by  □  i  funnel  with 

stem,  tin-    landing,    by    warming 

phmgiiig   the   ttil' 
the  acid.     Ca 

■ 
dilute,     rind      ; 

in    i 

■ 

»>f  til 
soiled,  Lit  tin 

prodi 
in  h\ 

The    8|»ark    ne 

1--    effect    tli«*    exp 

be    mIiNi 

nary 

to  get  cut    oj 
damp,     i 

luin  tube,  svii 
I 
ber,  coated  wjl! 
amalgam  ;  bj 
I 
isch 

convenient  apparatus  is  an  induction  coil  large  em 
a  spark  <»f  half  an  inch  in  length. 

After  the  explosion  the  eudiorai  I  < 

coouti  bouc  plate  to  allow  the  entrance  nf 
tnercui  he  tulwi  i-  remove*]  from  the  eaoutchom 

:   in  ;i  perpendicular  position,  and  allowed  t"  remain 
hi  hour  before  reading.     Aftoi  i  the  conta 

o  absorb  tfc        bonii  anhydrid 
combustion   by   means  of   a    potash  hall,  in   the: 

lied.      In  some  rare  inntau' 
in  the  explosion  with  oxygen  urn-!  l>u  iiieasuretL      II  th 


Fitf.  fti. 


§  *t 


METHODS   OP   iALf.TU.TION*. 


481 


done,  the  eudiometer,  the  mercury,  the  original  gas,  and  the  oxygen 

fully  dried     After  tin-  explosion  tit* *  audio 

isferred  to  a  circular  gb  taming  maroary,  end 

mi  iron-wire  support,  by  which  th  .     pmsnt 

tan  l"  I  u  tube  adapted   to  tin*  top  of  an  iron 

boiler,  from  which  a  rapid  current  of  steam  may  bepasatM  through 

-s  full.-,  bo  ■'•  tin-  eudiometer  and  mercury 

a&ifbnn  temperature  of  100°.    From  tin-  meaauremi  [ned  at 

ut  of  water  produced  may  be  calculated. 

If  three  combuatible  present)  tip*  only  data  required  f- *r 

ire,  the  original  volume  of  the  gas,  the  contraction  on 

ind  the  amount  of  carbonic  anhydride  generated.    When 

i  ■  us  nitrogen,  the  residue  after  i  [plosion  with 

cxrr.vi  nf  .'w^i'ii  f^ii-i-t-  <f  .l  mixti  i  .  gen  and  nitrogen.    To 

is  added,  and  the  mixture  exploded  \  the 

tl-iiH  produced  divided  l»y  3  gives  the  amount  "f  oxygen 

En  the  residual  gas,  and  the  oiti  :  rand  by  difference. 

It  is  obvious  that)  by  subtracting  the  quantity  of  reaidnal  oxygen, 

suns  determined  bj  explosion  with  hydrogen,  from  the  amount 

added,  in  the  first  instance,  to  tin*  combustible  gas,  the  volume  "f 

nsumed  in  the  explosion  may  be  obtained,     Sum.-  Qhsausts 

prefer  to  employ  tliis  number  instead  of  the  ooDtrafltjon  n  one  "f 

LnUi  for  tin   i  alculatiorL 

We  mast  now  glance  at  the  mode  "f  calculation  to  1 raployed 

f.ir  obtaining  the  ;e  compos  tionoi  hi  numbers 

ut  by  the  experimental  observations. 
The  following  table  show-;  the  relations  fritting  between  the 
volume  of  the  more  importanl  combustible  gases  and  tin1  produots 
i»f  til*-  explosion  : — 


"• 


s 

ill 

ill 

1    8 

^^i-i 

Kudo  of  Ou. 

gXtS 

111 

1*1 

5  » 

I  IS  1 

Hydrogen,  II                . 

t 

0*5 

1-8 

0 

bride,  CO 

l 

0<B 

08 

1 

M-Unli-    IIv.lri.U-,  CIMi 

l 

1 

s 

1 

Acetylene,  Cfl 

1 

2-6 

1-8 

o 

oiefi          cm* 

l 

8 

■j 

o 

Methyl,  CH*  CH3 

l 

*6 

-_» 

Ethylic  11                 UlI 

1 

3*8 

8*8 

■ 

V 

! 

4*5 

•J". 

8 

■l.vli,  Hydride,  r  \['\\      . 

1 

S 

8 

3 

. 

1 

6 

s 

4 

Ethyl,  '  '■"11  .  OH' 

1 

8-8 

4 

11  11 

1 

6*5 

■ 

4 

\    V 


482  VOLUMETRIC  ANALYSIS.  §  97. 

As  an  example,  we  may  take  a  mixture  of  hydrogen,  carbonic 
oxide,  and  marsh  gas,  which  gases  may  be  designated  by  x,  y,  and  2 
respectively.  The  original  volume  of  gas  may  be  represented  by  A, 
the  contraction  by  C,  and  the  amount  of  carbonic  anhydride  by  D. 

A  will,  of  course,  be  made  up  of  the  three  components,  or 
A  —  x  +  y  +  z. 
C  will  be  composed  as  follows : — When  a  mixture  of  hydrogen  and 
oxygen  is  exploded,  the  gas  entirely  disappears.    One  volume  of 
hydrogen  combining  with  half  a  volume  of  oxygen,  the  contraction 
will  be  1 J  times  the  quantity  of  hydrogen  present,  or  ljx.    In  the 
case  of  carbonic  oxide,  1  volume  of  this  gas  uniting  with  half  its 
volume  of  oxygen  produces  1  volume  of  carbonic  anhydride,  so 
the  contraction  due  to  the  carbonic  oxide  will  be  half  its  volume, 
or  £y.    Lastly,  1  volume  of  marsh  gas  combining  with  2  volumes  of 
oxygen  generates  1  volume  of  carbonic  anhydride,  so  the  contraction 
in  this  case  will  be  twice  its  volume,  or  2z.    Thus  we  have — 
C  =  lja:+iy+2z, 

Since  carbonic  oxide  on  combustion  forms  its  own  volume  of 
carbonic  anhydride,  the  amount  produced  by  the  quantity  present 
in  the  mixture  will  be  y.  Marsh  gas  also  generates  its  own  volume 
of  carbonic  anhydride,  so  the  quantity  corresponding  to  the  marsh 
gas  in  the  mixture  will  be  z.     Therefore 

V^y  +  z. 

It  now  remains  to  calculate  the  values  of  sc,  y,  and  z  from  the 
experimental  numbers  A,  C,  and  D,  which  is  done  by  the  help 
of  the  following  equations : — 

A  =  a:+y  +  z.      C  =  lJ.t  +  £y  +  2z.      D  =  y  +  z. 

Tofind*-  *  +  j,  +  *  =  A, 

y  +  Z^D, 


x            =  A 

-D. 

Fory 

we  have — 

4y  +  4z  = 

3*  +   y  +  4z  = 

:4D, 

=  2C, 

— 3ar+3y         = 

=  4D- 

-2C, 

3«                = 

:3A- 

3D, 

3y         = 

:3A- 

3A- 

-2C  +  D 
2C  +  D 

due  of  z  is 

V  — 

3 

The  vi 

thus  found — 

D  =  y  +  z  .*. 

z  =  D-y  = 

-rv     3A- 

■20  + 

D 

D 

3 

1    or 

2C-3A  +  2D 

•3 

• 

or 
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By  replacing  the  letters  A,  C,  and  D  by  the  numbers  obtained 
by  experiment,  the  quantities  of  the  three  constituents  in  the 
volume  A  may  easily  be  calculated  by  the  three  formulae : — 


x  =  A  -  D  =  hydrogen  , 

3A-2C+D 

3 
2C-3A  +  2D 


3A-2C  +  D  ,      . 

y  = 5 =  carbonic  oxide  , 


—  marsh  gas 


The  percentage  composition  is,  of  course,  obtained  by  the  simple 
proportions — 


A  !*; 

A  :  y  : 
A  :  z  : 


100  :  per-cent  of  hydrogen  , 
100  :  per-cent,  of  carbonic  oxide  , 
100  :  per-cent.  of  marsh  gas . 


If  the  gas  had  contained  nitrogen,  it  would  have  been  determined 
by  exploding  the  residual  gas,  after  the  removal  of  the  carbonic 
anhydride,  with  excess  of  hydrogen.  The  contraction  observed, 
divided  by  3,  would  give  the  volume  of  oxygen  in  the  residue,  and 
this,  deducted  from  the  residue,  would  give  the  amount  of  nitrogen. 
If  A  again  represents  the  original  gas,  and  n  the  amount  of  nitrogen 
it  contains,  the  expression  A-n  would  have  to  be  substituted  for 
A  in  the  above  equations. 

It  may  be  as  well  to  develop  the  formula, for  obtaining  the  same 
results  by  observing  the  volume  of  oxygen  consumed  instead  of  the 
contraction.     If  B  represent  the  quantity  of  oxygen,  we  shall  have 

B  =  Jaj+Jy  +  2z, 

the  values  of  A  and  D  remaining  as  before,  x  =  A  -  D. 

z  is  thus  found — 

x  +  y  +  4z=2B, 

y+?/+  g  =  A, 

3*  =  2B-A,     or 

2B-A 
z  =  — « —  . 


Fory— 


I)=y+2 

2/  =  D-z  = 

-r.    2B-A 

D  -  — 5 —  ,     or 

3D-2B  +  A 


\  Y 
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Thus  we  have — 

3D-2B  +  A 
'- 3 

2B-A 


Having  thus  shown  the  mode  of  calculation  of  the  formula?,  it 
will  be  well  to  give  some  examples  of  the  formulae  employed  in 
some  of  the  cases  which  most  frequently  present  themselves  in  gas 
analysis.    In  all  cases — 

A  =  original  mixture  , 

C  =  contraction , 

D  =  carbonic  anhydride  produced. 

1.      Hydrogen  and  Nitrogen. 

H=^;N  =  y. 

Excess  of  oxygen  is  added,  and  the  contraction  on  explosion 

observed : — 

_2C 
x  —  3  , 

3A-2C 

y  =  — 5 —  f  or  A- a;. 


2.      Carbonic   Oxide  and   Nitrogen. 

CO  =  z;  N  =  y. 

The  gas  is  exploded  with  excess  of  oxygen,  and  the  amount  of 
carbonic  anhydride  produced  is  estimated. : — 

x  =  T) , 
y  =  A-I). 

3.      Hydrogen,   Carbonic   Oxide,   and   Nitrogen. 
B  =  x;  CO  =  y;  N  =  z. 

In   this  case  the   contraction   and    the   quantity   of    carbonic 
anhydride  are  measured : — 

2C-D 
x—      3       , 

3A-2C-2I) 
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4.      Hydrogen,   Marsh   Gas,   and   Nitrogen. 

H  =  z;  CH*  =  ?/;  N  =  z. 

2C-4D 
*  —       3        , 

3A-2C  +  D 

~—  3 

5.      Carbonic   Oxide,   Marsh   Gas,   and   Nitrogen. 

CO  =  x;  CH*  =  y;  N  =  *. 

4D-2C 
*=^—  , 

2C-D 

.'/  =  — 3— , 

*=A-D. 

0.      Hydrogen,   Methyl  (or  Ethylic   Hydride),   and 
Nitrogen. 


H: 

=  x; 

C2Hfl 

=  y;N  = 

x  = 

4C- 
6 

5D 

?/  = 

=  2  ' 

3A- 

2C  +  D 

Carbonic   Oxide,   Methyl   (or  Ethylic   Hydride), 
and  Nitrogen. 


CO 

=  x; 

:  C*H°  =  y;  N  =  *. 

x  = 

5D-4C 
3 

y  = 

2C-D 

3       » 

3A-4D  +  2C 
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8.      Hydrogen,  Carbonic  Oxide,   and  Marsh  Gas. 

H  =  a;;  CO=y;  CH*=2. 

s  =  A-D, 

3A-2C  +  D 
y  = 3-  —  , 

2C-3A+2D 
z—  3 

9.  Hydrogen,   Carbonic    Oxide,   and    Ethylic    Hydride 

(or  Methyl). 

H  =  ar;  CO  =  y;  C*H6  =  z. 
3A  +  2C-4D 

x== 6 * 

3A-2C+D 
y 3—     , 

2C-3A  +  2D 

z  = g . 

10.  Carbonic  Oxide,  Marsh  Gas,  and  Ethylic  Hydride 

(or  Methyl). 

CO=x;  CH*  =  y;  C2H«  =  r. 

3A-2C  +  D 
a?  — - 


3 

3A  +  2C-4I) 
*— -5— 

z=D-A. 


11.      Hydrogen,   Mnrsh   Gas,   and   Acetylene, 

B.  =  x;  CH*  =  y;  C2H2  =  ^. 
5A-2C-D 


z  = 


2 

y  =  2C-3A, 
D-2C  +  3A 


z  = 


12.      Hydrogen,   Marsh   Gas,   and   Ethylic   Hydride 

(or  Methyl). 

H  =  *;  CH4  =  y;  C*H6  =  *. 

This  mixture  cannot  be  analyzed  by  indirect  determination,  since 
a  mixture  of  two  volumes  of  hydrogen  with  two  volumes  of  ethylic 
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"hydride  (or  methyl)  has  the  same  composition  as  four  volumes  of 
marsh  gas — 

C2H°  +  H2=2CH4; 
and,    consequently,   would  give   rise    to    the    same   products   on 
combustion  with  oxygen  as  pure  marsh  gas — 

C2H6  +  H2  +  O8  =  2C02  +  40H2 ; 
2CH4  +  08=2C02  +  40H2. 
In  this  case  it  is  necessary  to  estimate  by  direct  determination  the 
ethylic  hydride  (or  methyl)  in  a  separate  portion  of  the  gas  by 
absorption  with  alcohol,  another  quantity  of  the  mixture  being 
exploded  with  oxygen,  and  the  amount  of  carbonic  anhydride  pro- 
duced and  measured     If  the  quantity  absorbed  by  alcohol = E,  then 

;r  =  A-D  +  E, 

y  =  D-2E, 

z  =  E. 

13.      Hydrogen,   Carbonic   Oxide,   Propylic    Hydride. 
H  =  x;  CO  =  2/;  C3H8  =  z. 
3A  +  4C-5D 

X  g  , 

3A-2C  +  D 
*-" 3 » 

2C-3A  +  2D 
t» 5 • 

14.     Carbonic  Oxide,  Marsh  Gas,  and  Propylic  Hydride. 

CO  =  s;  CH4  =  y;  C3H8  =  z. 

3A-2C  +  D 
x  —  3  , 

3A  +  4C-5D 
V  = ^ , 

D-A 

15.      Carbonic    Oxide,   Ethylic   Hydride   (or   Methyl), 

and  Propylic   Hydride. 

CO  =  s;  C8H*  =  y;  C3H8  =  r. 

3A-2C  +  D 
x  —  g  , 

3A  +  4C-5D 

y= 3 ' 

4D-3A-2C 
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16.      Marsh  Gas,   Ethylic  Hydride  (or  Methyl),  and 
Propylic  Hydride. 

CH*  =  «;  CW*=y;  C*H*=z. 

As  a  mixture  of  two  volumes  of  marsh  gas  and  two  of  propylic 
hydride  has  the  same  composition  as  four  of  ethylic  hydride  (or 
methyl) — 

CH*+C»H8  =  2C*H*> 

the  volume  absorbed  by  alcohol,  and  which  consists  of  ethylic 
hydride  (or  methyl)  and  propylic  hydride,  must  be  determined, 
and  another  portion  of  the  gas  exploded,  and  the  contraction 
measured.     If  £  represents  the  volume  absorbed — 

»  =  A-E, 

y  =  4A-2C  +  2E, 

s  =  2C-4A-E. 

17.      Hydrogen,  Carbonic  Oxide,  and  Ethyl  (or  Butylic 

Hydride). 

H=«;  CO  =  y;  C*H"=:fc 

A+2C-2D 

■- i > 

3A-2C  +  D 
V= 3 , 

2C  +  2D-3A 

*— ii — • 

18.      Nitrogen,   Hydrogen,   Carbonic  Oxide,   Ethylic 
Hydride   (or   Methyl),  and   Butylic   Hydride  (or  Ethyl). 

N  =  «;  H  =  w;  CO  =  «;  C2H«  =  y;  OTW  =  & 

In  one  portion  of  the  gas  the  ethylic  hydride  (or  methyl)  and 
the  butylic  hydride  (or  ethyl)  are  absorbed  by  alcohol ;  the  amount 
absorbed  =  E. 

A  second  portion  of  the  original  gas  is  mixed  with  oxygen  and 
exploded,  the  amount  of  contraction  and  of  carbonic  anhydride 
being  measured. 

The  residue  now  contains  the  nitrogen  and  the  excess  of  oxygen ; 
to  this  an  excess  of  hydrogen  is  added,  the  mixture  exploded,  and 
the  contraction  measured.  From  this  the  quantity  of  nitrogen  is 
thus  obtained.     Let — 

G  =  excess  of  oxygen  and  nitrogen, 

v  =  excess  of  oxygen, 

n  =  nitrogen, 
C  =  contraction  on  explosion  with  hydrogen. 


§  08. 
Then— 
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.V  =  C 

c 

5G    C 

:;       * 

i    these   data    the   composition   of    the    mixture    can    be 

termined — 

_■_'('     h-.'.K 

3A-2C  +  D-3n 

'=  3     » 

■''  =  "6" 

3C--3A  H2D-6E 


§ 
in- 

mis 
ape 

;■  im  l 


lODIFICATlONS    AND    IMPHOVEMENTS    UPON    THE 
FOREGOING    PROCESSES. 

§  08.     I.n  tin*  method  of  gas  analysis  that  m  have  been  consider- 
the  aalcuJaJaana  of  results  sn     en  ■■■■■■. baft  lengthy,  u  will  be 
t'ii  by  ;i  reference  to  the  example  gmm  of   tin-.  analyaia  of  u 
Ixture  of  :i i r  and  carbonic  anhydride  (page  ±69),     Is-  aides  tins,  the 
perations  must  be  conducted  in  i  room  of  uniform  temperature, 
rable  time  allowed  to  elapse  betwaaa  the  nwoupnlation 
and  the  readings  in  order  l.>  allow  the  eudiometers  to  acquire  tha 
mperaturo  of  the  aurroumling  air  *  and,  lastly,  bhe  aibeorptaon  of 
\   soli'l  n'agt'iit^  i-  alow.     These  disadvantages  ate  '■-  ■ 
iterbaiaaced  by  the  simplicity  of  the  appeatuB, 
(I  .»i*  tlir  manipulation. 

From  time  bo  time  various  tmemistshave  proposed  tnethodaby 

lii'h  the  operations  are  much  ha-fton-ftd  and  facilitated,  tad  the 

h-iis  shortened.     It  will  be  necessary  lo  mention  a faw of 

\  hich,  however,  require  special  forms  of  apparatus. 

Williamson  and  Russell  have  described  {Proceeding*  of  ikt 

>njal  Society,   ix.   218)  :m  apparatus,   by   means  of    which   the 

m-  measured  under  n  oonstant  preeatire, 

ueratuiD   being  eliminated   by   varying  tin* 

■  f  iiii'iv.un  in  the  1  1     u<   Eoi  i!i«  alteration 

volume  observed  in  a  tube  containing  a  standard  volume  of  moist 

In  this  ■  diometeni 
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In  1864  they  published  (J.  C.  &  xvii.  238)  a  farther  develop- 
ment of  this  method,  in  which  the  absorptions  were  conducted  in 
a  separate  laboratory  vessel,  by  which  means  the  reagents  could  be 
employed  in  a  pasty  condition  and  extended  over  a  large  surface. 

And  in  1868  Russell  improved  the  apparatus,  so  that  liquid 
reagents  could  be  used  in  the  eudiometers,  and  the  analysis  rapidly 
executed.  A  description  of  this  last  form  of  instrument  may  be 
found  in  J,  C.  &  xxL  128. 

The  gutta-percha  mercury  trough  employed  is  provided  with 
a  deep  well,  into  which  the  eudiometer  can  be  depressed  to  any 
required  extent,  and  on  the  surface  of  the  mercury  a  wide  glass 
cylinder,  open  at  both  ends  and  filled  with  water,  is  placed.  The 
eudiometer  containing  the  gas  to  be  examined  is  suspended  within 
the  cylinder  of  water  by  means  of  a  steel  rod  passing  through 
a  socket  attached  to  a  stout  standard  firmly  fixed  to  the  table.  In 
a  similar  manner,  a  tube  containing  moist  air  is  placed  by  the  side 
of  the  eudiometer.  The  clamp  supporting  this  latter  tube  is 
provided  with  two  horizontal  plates  of  steel,  at  which  the  column 
of  the  mercury  is  read  off.  When  a  volume  of  gas  has  to  be 
measured,  the  pressure  tube  containing  the  moist  air  is  raised  or 
lowered,  by  means  of  an  ingeniously  contrived  fine  adjustment, 
until  the  mercury  stands  very  nearly  at  the  level  of  one  of  the 
horizontal  steel  plates.  The  eudiometer'  is  next  raised  or  lowered 
until  the  column  of  mercury  within  it  is  at  the  same  leveL  The 
final  adjustment  to  bring  the  top  of  the  meniscus  exactly  to  the 
lower  edge  of  the  steel  bar  is  effected  by  sliding  a  closed  wide  glass 
tube  into  the  mercury  trough.  Thus  we  have  two  volumes  of  gas 
under  the  same  pressure  and  temperature,  and  both  saturated  with 
moisture.  If  the  temperature  of  the  water  in  the  cylinder  increased, 
there  would  l>e  a  depression  of  the  columns  in  both  tubes ;  but  by 
lowering  the  tubes,  and  thus  increasing  the  pressure  until  the 
volume  of  air  in  the  pressure  tube  was  the  same  as  before,  it  would 
Ims  found  that  the  gas  in  the  eudiometer  was  restored  to  the  original 
volume.  Again,  if  the  barometric  pressure  increased,  the  volumes 
of  the  gases  would  be  diminished ;  but,  by  raising  the  tubes  to  the 
necessary  extent,  the  previous  volumes  would  be  obtained.  There- 
fore, in  an  analysis,  it  is  only  necessary  to  measure  the  gas  at 
a  pressure  equal  to  that  which  is  required  to  maintain  the  volume 
of  moist  air  in  the  pressure  tube  constant  The  reagents  are 
introduced  into  the  eudiometer  in  the  liquid  state  by  means  of 
a  small  syringe  made  of  a  piece  of  glass  tube  about  one-eighth  of 
an  inch  in  diameter.  For  this  purpose  the  eudiometer  is  raised 
until  its  open  end  is  just  below  the  surface  of  the  mercury,  and 
the  syringe,  which  is  curved  upwards  at  the  point,  is  depressed  in 
the  trough,  passed  below  the  edge  of  the  water-cylinder,  and  the 
extremity  of  the  syringe  introduced  into  the  eudiometer.  When 
a  sufficient  quantity  of  the  liquid  has  been  injected,  the  eudiometer 
is  lowered  and  again  raised,  so  as  to  moisten  the  sides  of  the  tube 


ELLS   CAS  APPARATUS. 


4'.M 


with  the  liquid,  and  thtu  hasten  the  absorption*     Ten  minutea  was 
imil    r<.  be   a  -  !]'ti-'M   of   carbonic 

hydride  when  mixed  with  ait. 

novo  the  hqui  I  it,  a  hull  of  moistened  cotton  wool  ia 

iployed     The  bail  is  made  in  the  following  maaner:     \ 

i  ut  into  ii  loop  at  one  and,  and  some  cotton  woo] 
;litly  wrapped  round  it.     It  La  then  dipped  in  water  and 
illi  the  hand  under  the  liquid  until  the  air  is  removed.     Tin 
the  steel  wire  Kb  next,  passed  through  a   | 

ad,  ami  tl  bail  dnw  ■    ■  nrvad 

:  th»-  tube.     The  ball,  saturated  with  water,  U  now 
mercury  trough,  and,  after  as  much  <>f  the  water 
poaaiblfl  bat   bean  Bqueeaed  out  of   it,  it  is  pai  v  the 

tud,  by  pushing  e,  the  ball  u  brought  to  the 

arcury  in  tin-  eudiometer  and  rapidly  absorbs  all 
the  liquid  reagent,  leaving  the  meniscus  clean.     The  hall  u  removed 
rtth  a  alight  jerk,  and  gas  isthui  prevented  from  adhering  to  it 

and  that  this  mode  of  removing  the  liquid  can  !■■ 
ithout  feai  of  altering  the  volume  of  the  gas  in  the  eudiometer, 

nio  anhydride  may  be  absorbed  by  a  solution  of  •><>! 
rdrete,  nod  oxygen  by  means  oi  p  Irate  and  pyrogallic 

id.     Tin-  determination  of  ethylene  is  bast  efEac tod  by  mesne  of 

eke  hall,  water  and  dilate  potnssie 
r  ut  ly  introduced  and  removed  by  tlie  hull  of 
ooL 

tin-  mode   <-f   using  the   Liquid   reagenta   might  be 
employed  with  advantage  in  the  ordinary  on 

inisli  the  time  necessary  for  the  absorption. of  the  pis.-*.     \\\ 
!        all's   the   calculations  are   rnnefa  shortened 
il   facilitated,  the   volumes  read   off  being   comparable   among 
ilii-  will    be  seen    by  an    example,  taken  fn»m  the 
original  memoir,  of  the  determination  of  oxygen  in  air — 

Volume  In  Table 
omtm  ponding 


1303 
1035 


to  naftf&fr 
13215 


104-4G 


Volume  of  air  taken     . 
Volume  after  absorption  "i*  oxygen  i 
by  potaseic  hydrate  and    pj  ro- 
gallie  acid       .  J 

132  1.. 
Hi; 
27'69  volumes  of  oxygen  in  132*15  of  air. 

L32  15  :  27*69  :  :  100  :  20*953  perci  oxygon  in 

-<.   employed    hia  apparatus    for  the   analy 
rhonatea  (/.  O.  8.  [k.b.]  m.  310).     For  Una  purpose  ha  adapted 
ttotl  tube,  open  at  both  puds,  t--  n  glass  flask  by  meo 

outchouc   tube.     Into  the    flask   o    weighed 
intity    "t    a   carbonate    way    placed,    together   with   a    \ 


YOUWTKTWC    ANM 


§ 


ui in-   dilute   at  id.      Tin-   position   ot  to 

first  read  oil,  aftea  which  tli--  -shake 

so  as  to  brin^  tin*  mad  and  cai  i  rnntact,  ami  tin 

rotaine  tm  due  i"  the  carbonic  rahydrido  erotved,     The 
obtained  are  exl  ■■laut. 

In  eight   experiments  with  irlionate  bl 

r-axb  found  varied    from   II  I 

nuiuiring  L  1*509. 
Thirteen  expe 

the  ttu  •■  and  in  Hiii.'  other 

from  48*68]  to  19*901  wew  obtained. 
Two    experiments    nan 
with   manganic    per- 
1  ,  oxalic  acid  and  sul- 
phuric acid,  and  gave  58*1  M 
and    58101    per   cent    "i 
carbonic  onhydrida, 

Some   detanninationa  of 
tin-    purity    oi  nil) 

m  N  also  performed  bj  d 

g  the  metal  in  hydro- 
chloric arid  .Kid  me  isuring 
the     resulting     hydrogen. 

Four  operations  gave  mnn- 
ben  rarying  between  8*35-1 
and  8-382.  The  metal 
should  yield  8*3*3. 

Bnasall    ban    also    am- 
ployed  this  proceee  for  the 

•  i.-t.-iuiiiniiuii   .it    tit*-    BOTft- 

bining  proportions  "f  aicke] 
>  >.  <".  \  [ir.e.] 
vii  294} 

1 1 1  and  Beiaet 
described  (Ana,  Ckim+PhyB, 
[3]  xxvi.  333)  an  appara- 
tus by  which  abaorptionfl 
could  be  rapidly  conducted 
by  meaDa  "f  liquid  reagents 
brought  in  contact  with  tin- 
gases  in  a  uboratory  tuba 
The  measurements  an1  made 
in  a  graduated  tnl**,  wliieli  ran  he  placed  in  cnimnuni 
the  laboratory  I  ■  -f  (ine  capilhu  Idad  wil 

a  top-cock  r,  the  lower  end  of  tli  iu>>  tula?  Ij 

an  iron  Bucket  and  stop-rock  with  another  graduated  tube  in  whi 
the   press'  which   tin*  gas   is   subjected    is    i 

measuring  aud  \>\<  bsutc  tubes  ore  surrounded  by  n  cylinder 
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uppfl  imilar   in    principle    t<>   tins   has    recently 

attracted  by  !■      il  I      I,  and  is  fully  described  tn  the  section 

:      i  m). 

Frank  land    and    Ward   (J.    C.   &    \i.    1**7)    made 
important    improv*  uslt   and 

Tlicy  introduced  atbirdtol  35),  closed  at.  t!* 

with  a  stopper,  and  which  is  made  to  act  as  a  barometer,  to  iadi 
the  in  tin.-  measuring  tube,  thus  rendering  the 

rely  independent  <»f  variations  oi  atmospheric  pn 

The  11  for  aqueous  vapour  is  also  eliminated,  by  iniroducing 

&  water  into  Hie-  barometer  as  well  as  into  tin*  measuring 

tube*  the  pressures  produced  by  the  aqueous  vapour  in  the  two 

tubes  thus  eouubarhalan    i  I       so  that  the  difference  of 

■  I  of  tli*-  mercury  gn  twiffifti  <>f  the  'In  gas.    Tin- 

og  tube  is  divided  int.n  ten  equal  di  which,  for  some 

.  require   t<>   be   calibrated),   and   in   one   analysis   it  Ss 

convenient  to  make  all  the  measurements  at  the  same  division,  or 

t<<  calculate  the    tension  which  would   be  exerted    try  the  gi 

ed  at  the  tenth  division.  Frankland  and  Ward  also 
adapted  an  iron  tube  more  than  760  nun.  long  nt  the  bottom  of 
tin-  -.  n  bich  enables  Bhe  operator  to  expand  fli--  gas  bo  any 

required  extant,  and  thus  diminish  the  \  the  expfoeionB 

formed  in  thi  measuring  tube.     D  operation 

a  constant  stream  of  water  u  kepi  lowing  through  the  cylinder, 
which  maintain-;  an  uniform  temperature. 
By  th"  use  of  tlii^  form  <>f  apparatus  the  calculations  oi  ai 
ranch  simplified.     An  exam]  I  i  anaiyais  "t  atmospheric 

ir  will  indicate  the  method  «d  using  bhe  instrument 


Vuli!  Determined  at  5th  Division  on 

the  Measuring  Tube, 

m.m. 

rved  height  "f  mercury  in  barometer  .     673*0 

tteighl  ul  5th  division 383-0 

T  ai  Ion  of  god 

f  gas  at  10th  division 


■  ■J n in '     .it-  i    Admission   "f    Hy<  mined 

at  6th   1  division. 

m.ui. 

i  Observed  height  of  " : 

division       ....  ><H"0 

Tensi  168*3 

Corrected  tension  at  10th  division 
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Volume  after  Explosion.     Determined  at  5th  Division. 

m.m. 

Observed  height  of  mercury  in  barometer  .         .     763*3 

Height  of  5th  division 383-0 

Tension  of  gas        .    380-3 
0-5 


Corrected  tension  at  10th  division      .       . .         .     190*15 

Tension  of  air  with  hydrogen  ....  280*98 

Tension  of  gas  after  explosion  ....  190*15 

Contraction  on  explosion  ....  90*83 

of  which  one-third  is  oxygen.  ~ 

90*83 

— -j—  =  30*276  =  volumes  of  oxygen  in  145*0  volumes  of  air 

145*0     :     30*276     :  :     100     :    z 

30*276x100     ft/voo  M  .      . 

x  = flfTS —  =  20*88  ■=  percentage  of  oxygen  in  air. 

If  all  the  measurements  had  been  made  at  the  same  division,  no 
correction  to  the  tenth  division  would  have  been  necessary,  as  the 
numbers  would  have  been  comparable  among  themselves. 

Another  modification  of  Frank  land  and  Ward's,  or 
Regnault's  apparatus  has  been  designed  by  McLeod  (/.  C.  & 
[n.s.]  vii.  313),  in  which  the  original  pressure  tube  of  Regnault's 
apparatus,  or  the  filling  tube  of  Frank  land  and  Ward,  is 
dispensed  with,  the  mercury  being  admitted  to  the  apparatus 
through  the  stop-cocks  at  the  bottom. 

The  measuring  tube  A  (fig.  86)  is  900  m.m.  in  length,  and  about 
20  m.m,  in  internal  diameter.  It  is  marked  with  ten  divisions,  the 
first  at  25  num.  from  the  top,  the  second  at  50,  the  third  at  100, 
and  the  remaining  ones  at  intervals  of  100  m.m.  In  the  upper 
part  of  the  tube,  platinum  wires  are  sealed,  and  it  is  terminated  by 
a  capillary  tube  and  fine  glass  stop-cock,  a,  the  capillary  tube  being 
bent  at  right  angles  at  50  m.m.  above  the  junction.  At  the  bottom 
of  the  tube,  a  wide  glass  stop-cock  b  is  sealed,  which  communicates, 
by  means  of  a  caoutchouc  joint  surrounded  with  tape  and  well 
wired  to  the  tubes,  with  a  branch  from  the  barometer  tube  B. 
This  latter  tube  is  5  m.m.  in  width,  and  about  1200  m.m.  long, 
and  is  graduated  in  millimeters  from  bottom  to  top.  At  the  upper 
extremity  a  glass  stop-cock  d  is  joined,  the  lower  end  being  curved 
and  connected  by  caoutchouc  with  a  stop-cock  and  tube  C, 
descending  through  the  table  to  a  distance  of  900  mum.  below  the- 
joint  It  is  advisable  to  place  washers  of  leather  at  the  end  of  the 
plugs  of  the  stop-cocks  c  and  ft,  as  the  pressure  of  the  mercury 
which  is  afterwards  to  be  introduced  has  a  tendency  to  force  them 
out ;  if  this  should  happen,  the  washers  prevent  any  great  escape 
of  mercury. 
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§ 


The  two  tul"  ly  hold  bj 

!•  i   !■'.,  fib 
ami  ad  ■  them  by  a  water-tight  ■  rk  F. 

cylinder  is  maintained  in  an  upright  i»ositi< 
upper  end  G,  sliding  on  the  ap.     Around  tl 

upper  part  of  the  barometer  tana  a  syphon  II  is  fixed  by  means 

I  cork,  through  which  the  sti 
liiilli  i 

as  to  allow  of  the  air  being  entirely  removed  from  th< 
syphon  tli  mt  100  m.ni.  within  ii 

[)  at  th«-  i  Loutehouc  with 

iriil   in  a   wider  one  .1    affix 

current  of  water  ta  supplied  to  the  cylinder  througb  a  glass  tub 
which  passes  to  the  bottom,  and  escapee  tfirough  the  syphon 
tubes  to  tho  drain. 
To  the  end  of  the  narrow   tube  C  is  fattened  a  long  | 

tchouc  tune  K,  covered  with  tape,  by  which  a  commn 
i-  aatabliahad  with  tin-  mercurial  reservoii   L,  suspended  1 

UU  of  the  winch  M,  it  may  he  nit.- 
»»f  the  top  of  tin-  barometer  tube.    As  the  mercury  frequenl 
its  way  through  tin  tchouc  tuU-,  it  i.*  m 

rround  t J »«-  lower  part  with  a  piece  »'f  wi.ii-  flexible  tube  ; 
prevent*  the  scattering  of  the  mercury,  which  n  ■»  u 

i\  i-ii  (In:  Boor.     Into  the  bottom  of  the  tray  a  screw  must 
I>ut,  t^  which  the  end  of  the  -  is  tirmh 

Thf  capiU  cock  <i  is  provided  with  h 

which  it  may  he  adapted  !■>  a  short  and  wid 
capable   "I    holding  about    1  51  ideu  lea]   in   form  wit 

the  one  described  in  the  section  on  Web  i 
mercurial  trough  i  lx»ratory  tube  ia  provided  witl 

with  rinj  of  holding  two  tubes  contain) 

that  may  be  requin 

The  apparatufi   is  used  in   the  same   way  ;ik   Frank  la: 
Ward's,  except  that  the  mercury  i«  raised  and  lowered  in  U 
by  the  movement  in  the  reservoir  L,  instead  of  by  [muring  it  ii 
tli--  i  autre  supply-tube. 
To  arrange  the  apjieratu  roil  I-  is  lo< 

ad,  and  men         ■    urcd  into  it.     The  laboratory  tul 
remoi ■  d,  : '  ad  tho  n 

raised.     When  the  tube  A  is  tilled,  tho  stop  cocl        i 
ted  until  mercury  flows  through  tin  -i 
the  top  of  the  barometer.     It.  is  convenient  to  have  the  end 
the  tune  above  the  stop-cock  so  bent  that  a  \<  ■  ploi 

below  t"  receive  tin  bend   must,  of  eourw 

short  that,  when  the  plug  of  the  stojK.*ack  is  ren 
will  pass  readily  over.  When  the  air  is  expelled  t' 
tube,  the  stop  cock  A  few*  drops  <»f  wal 

introduced   into  the  barometer:   U  tmplished 
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belou  the  bop  of  tie  r,  and 

oak  tf,  while  a  small  pipette,  from  which 

is  dropping,  is  held  against  the  orifice,  the  stop-cock  being 

when  a  anffiaiant  amount  of  water  baa  penetrated  into  the 

i  aimer,  a  small  quantity  of  water  ia  paaaed  into 

the  measuring  tube.    In  order  to  get  rid  of  any  btzbhloa  i>f  air  which 

till  linger  in  the  tubes,  the  reservoir  ia  lowered  t<>  the  ground 

so  as  to  produce  a  vacuum  in  the  apparatus;  in  this  manner  the 

of  the  tubes  become  moistened.     The  reservoir  is 

now  gently  raised,  thus  refilling  the  tubes  with  mercury.     I 

f  mercury  does  not  rush  auddanly  against 
the  tops  of  the  measuring  and  barometer  tubes,  which  might  onus* 
their  destruction.     This  may  be  avoided  by  regulating  the  How  of 
ry  by  means  of  the  stop-cock  >■,  which  may  be  conveniently 
i  long  kej  of  wood,  resting  against  the  upper  table  of 
1  of  tin-  mercurial  trough.     'Whfn  the  resorvoii 
has  again   been  elevated   above   the   top  of  th"   barometer,  the 
■top-cocks  "f  the  measuring  and  barometer  tubes  are  opened,  and 
ir  ami  water  which  have  colla  bed  allowed  to  escape. 
The  heights  of  the  mercurial  columns  in  the  barometer!  corre- 
sponding to  the  different  divisions  of  the  measuring  tube,  have  now 
determined.     This  is  done  by  running  out  all  the  mercurj 
from  the  tube-,  and  slowly  readmitting  it  until  the  meniscus  of  the 
mercury  just  touches  tie-  lowest  division   in  the  measuring  tube. 
This  may  !»■  eery  conveniently  managed  by  observing  the  dxvisioo 
imaU  telea  it  focus,  and  suffidenuy  close  to  the 

apparatus  to  permit  of  the  key  of  the  stop-cook  c  heing  turned,  while 
■    is  still  .it.  ii  \\  in  n  a  reading  is  taken,  the 

n  0  behind  the  apparatus  must  be  moved  h,    i 
the  winch  P,  until  its  loweredga  ia  almut  a  millimeter  above  the 
division.     The  telesi  now  directed  to  the  barometer  tab 

the  position  -if  the  mercury  carefully  noted.     As  the  tuba 

leous  vapour,  and  arc  both  of  bl  temperature,  the 

ilumns  in  the  two  tubes  are  those  whiefa  exactly  conn 

and  any  diflbrence  of  level  that  may  be  noticed  fa  due 
;»■  capillarity. 

The  Liton  is  now  repeated  at  each  division  of  the 

Tin*  ii!-  asuring  tube  next  requires  calibration,  an  operation  performed 
a  manner  perfectly  similar  to  that  dest  tibed  in  §  88  (page  395), 
ui'-ly,  by  filling  the  measuring  tube  with  water,  and  weighing  the 
quantities  contained  between  everj  two  divisions.     The  audi 
bring  filled  with  water,  tnd  the  stop-cock  6  closed,  the  reservoir  is 
:  icrcury  allowed  to  rise  to  the  top  of  the  barometer, 
pillory  stop-cock  a  having  been  opened,  the  cook 

i  the  water  allowed  to  How  out  until  the  mercury  reaches 
division  of  the  tube.     A  carefully  weighed  Beak  is  now 
supported  just  below  the  steel  cap,  the  stop-cock  f>  again  ■ 

the  next  and  the  quantity  of  water  is 
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weighed,  the  temperature  of  the  water  in  the  wide  cylinder  being 
observed.     The  same  operation  is  repeated  at  each  division,  and  by 
calculation  the  exact  contents  of  the  tube  in  cubic  centimeters  may 
be  found. 
In  this  manner,  a  table,  such  as  the  following,  is  obtained : — 


DMakm 

OB 

BtMHfcfl*  H!tt!QBf7  » 

BmnMtar  tab* 

Oantante. 

mmrarhiff 
tab*. 

dtvfckm. 

Cnblo  Gantfautm. 

to*. 

1 

756-9 

8-6892 

0-9389814 

2 

7067 

18-1621 

1-2591664 

3 

606-8 

36-9307 

1-5673880 

4 

506-5 

55-7344 

1-7461232 

5 

406-8 

744299 

1-8717477 

6 

306-8 

93-3306 

1-9700244 

7 

206-9 

112-4165 

2-0508303 

8 

107-0 

131-6335 

21193666 

9 

7-1 

1511623 

21794435 

When  a  gas  is  to  be  analysed,  the  laboratory  tube  is  filled  with 
mercury,  either  by  sucking  the  air  out  through  the  capillary 
stop-cock,  while  the  open  end  of  the  tube  stands  in  the  trough,  or 
much  more  conveniently,  by  exhausting  the  air  through  a  piece  of 
flexible  tube  passed  under  the  mercury  to  the  top  of  the  laboratory 
tube,  the  small  quantity  of  air  remaining  in  the  stop-cock  and  at 
the  top  of  the  wide  tube  being  afterwards  very  readily  withdrawn. 
The  face  of  one  of  the  steel  pieces  is  greased  with  a  small  quantity 
of  resin  cerate,  and,  the  measuring  apparatus  being  full  of  mercury, 
the  clamp  is  adjusted. 

Before  the  introduction  of  the  gas,  it  is  advisable  to  ascertain  if 
the  capillary  tubes  are  clear,  as  a  stoppage  may  arise  from  the 
admission  of  a  small  quantity  of  grease  into  one  of  them.  For 
this  purpose  the  globe  L  is  raised  above  the  level  of  the  top  of  the 
measuring  tube,  and  the  capillary  stop-cocks  opened ;  if  a  free 
passage  exists,  the  mercury  will  be  seen  to  flow  through  the  tubes. 
The  stop-cock  of  the  laboratory  tube  is  now  closed.  When  all  is 
properly  arranged,  the  gas  is  transferred  into  the  laboratory  tube, 
and  the  stop-cock  opened,  admitting  a  stream  of  mercury.  The 
cock  c  is  gently  turned,  so  as  just  to  arrest  the  flow  of  mercury 
through  the  apparatus,  and  the  reservoir  lowered  to  about  the  level 
of  the  table,  which  is  usually  sufficient  By  carefully  opening  the 
cock  r,  the  gas  is  drawn  over  into  the  measuring  tube,  and  when 
the  mercury  has  reached  a  point  in  the  capillary  tube  of  the 
laboratory  tube,  about  midway  between  the  bend  and  the  stop-cock, 
the  latter  is  quickly  closed.  It  is  necessary  that  this  stop-cock 
should  be  very  perfect     This  is  attained  by  grinding  the  plug  into 
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kef  with  fine  Levigated  rou 

By  this  mi  may  1»'  polished  bo 

it  a  very  small  q  md  a  drop  of  oil  n  d 

i  -  that  the 

irried  on  to  the  hole  is  the  I'lue- 

« itit  the  tubes.    If  this  stop-ooofc  is  in  sufficiently 

i-  ]•,  it  i^uimecoflsaryto  close  the  stop-ctirk  a  during  an  analysis. 

The  mercury  is  allowed  to  3c  !  the  apparatus  until  its 

•face  is  a  shurt  iUkuu  on  at  wnieh  Su  mes 

made.    The  aalectioD  of  the  division  d 
ic  quantity  of  gas  and  the  kind  of  exp  o  be  performed 

ith  it    A  botuuj  of  calculation  is    Red    \  If  all  the  measurementa 
ried  on  at  the  boom  division.    When  the 
nded  lieluw  the  division,  tin-  cod  c  is  closed,  the 
•rv.-ir  raised,  and  the  black  screen  moved  until  its  lower  edge  is 
»ut  b  millimeter  above  the  division,  and  the  tele  ad  so 

it  the  image  of  the  division  coincides  with  the  cross-wires  in  the 
e»piec< .    The  atop  cook  c  is  now  gently  opened  until  the  mon- 
th.- division  ;  the  cock  fee  closed  and  the  hejgbl  "f  the 
v  in  the  barometer  is  measured  by  means  of  the  tolrmoonfi. 
The   difference   between   the  reading  <»f  the  rjsromster,  and  we 
mxnbez  in  the  tabh  wling  to  the  division  at  which  the 

Burement  is  taken,  gives  in  millimeters  the  tension  of  the  gas. 
Inme  of  the  pus  is  found  in  the  same  table,  and  with  the 
mperatnre,  which  is  read  off  at  the  same  time  as  the  pressure,  nil 
aired  for  the  calculation  of  the  volume  of  the  gas  at 
and  7f»0  m.m.  are  obtained.    No  correction  is  required  for 
vapour  j  the  measuring  tube  and  fa  tube 

u  bo  in  the  tubes  an  counterbalanced. 

,  >rfurmed  with  liquid  reagents  byintrodu 
t  the  liquid  into  the  laboratory  tube,  taanaferrinfl  mi 
allowing  the  mercury  to  drop  slowly  through  the  .  i 

»ut  live  minutes.    The  ga  passed  over  nil wing 

■  i   tension  obeerved  corresponds  to  the 
lounL  »»f  gas  absorbed,     li   is  a  in  ely  necessary  to  mid,  that  the 
must  be  taken  t.«t  prevent  any  trace  of  the  reagent 
the  stop-cock.      If  sucb  an   accident  should  occur,   the 
be  washed  oul  times  with  distilled 

■t  the  conclusion  of  the  analysis.    If  the  reagent  is  a  rotation 
ofpofa  i  be  got  rid  of  bj  introducing  into  tb 

distilled  water,  to  which  a  drop  of  sidphuric  acid  hat 
tded     It  this  Liquid  i*  round  to  be  acid  on  removing  it  from  the 

aed  that  .«11  the  alkali  has  been  neutraliaad. 
Wbee        i      ions   are    to  be  performed   in   the  apparatus,  the 
thru  retained  t^>  the  laboratory  tube, 
or  hydrogen,   i  .  n  Inch  La 

Lume,  in  transferred  into  the  laboi 
-I  some  mercury  is  allow  through  the  gasea eo 

K    W   1 
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as  to  mix  them  thoroughly.  The  mixture  is  next  passed  into  the 
eudiometer  and  measured.  If  a  sufficient  quantity  of  the  second 
gas  lias  not  been  added,  more  can  readily  be  introduced.  After 
the  measurement,  it  may  be  advisable  to  expand  the  mixture,  in 
order  to  diminish  the  force  of  the  explosion.  This  is  done  by 
allowing  mercury  to  flow  out  from  the  tube  into  the  reservoir. 
When  the  proper  amount  of  expansion  has  been  reached,  the 
stop-cocks  a  and  6  are  closed.  To  enable  the  electric  spark  to  pass 
between  the  wires,  it  is  necessary  to  lower  the  level  of  the  water  in 
the  cylinder.  For  this  purpose,  the  bent  glass  tube  at  the  extremity 
of  the  syphon  is  made  to  slide  easily  through  the  cork  which  closes 
the  top  of  the  wide  tube  J.  By  depressing  the  bent  tube,  the 
water  flows  out  more  rapidly  than  before,  and  the  level  consequently 
falls.  When  the  surface  is  below  the  eudiometer  wires,  a  spark 
from  an  induction-coil  is  passed,  exploding  the  gas.  The  syphon 
tube  is  immediately  raised,  and,  when  the  water  in  the  cylinder  has 
reached  its  original  level,  the  gas  is  cool  enough  for  measurement 
900  c.c.  of  mercury  are  amply  sufficient  for  the  whole  apparatus ; 
and  as  there  is  no  cement  used  to  fasten  the  wide  tubes  into  iron 
sockets,  a  great  difficulty  in  the  original  apparatus  is  avoided. 

The  following  details  of  an  analysis,  in  which  absorptions  only 
were  performed,  will  show  the  method  employed.  The  gas  was 
a  mixture  of  nitrogen,  oxygen,  and  carbonic  anhydride,  and  the 
measurements  were  all  made  at  division  No.  1  on  the  eudiometer, 
which  has  been  found  to  contain  8*6892  c.c. 

Original  Gas. 

xn.nL 

Temperature  of  water  in  cylinder,  15*4°. 

Height  of  mercury  in  barometer  tube          ....  980*5 
„         „             corresponding  to  Division  No.  1  (see 
Table) 756*9 

Pressure  of  the  gas 223*6 

After  absorption  of  the  carbonic  anhydride  by  solution 
of  potassic  hydrate — 
Height  of  mercury  in  barometer  tube  ....  941*7 

„         „  corresponding  to  Division  No.  1         .  756*9 

Pressure  of  the  gas  after  removal  of  carbonic  anhydride       .  184*8 

Pressure  of  original  gas 223*6 

„  gas  after  removal  of  carbonic  anhydride    .         .  184*8 

Tension  of  carbonic  anhydride 38*8 

After  absorption  of  the  oxygen  by  potassic  pyrogallate — 
Height  of  mercury  in  barometer  tube         ....  885*4 
„         „  corresponding  to  Division  No.  1         .  756*9 

Pressure  of  nitrogen .         .  128*5 
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Pressure  of  oxygen  and  nitrogen 
„  nitrogen. 


oxygen 


1848 
1285 

56-3 


These  measurements,  therefore,  give  us  the  following  numbers : — 

m.m. 

Pressure  of  nitrogen 128*5 

„  oxygen 56*3 

„  carbonic  anhydride 38*8 

„  original  gas 223*6 

If  the  percentage  composition  of  the  gas  is  required,  it  is  readily 
obtained  by  a  simple  proportion,  the  temperature  having  remained 
constant  during  the  experiment : — 


223-6 
223*6 
223*6 


m.m. 

:     128*5     : 

:     100     : 

:       56*3     : 

:     100     : 

:      38*8     : 

:     100     : 

57*469  percent.  N 
25-179  per  cent.  O 
17*352  per  cent.  CO2 
100-000 


If,  however,  it  is  necessary  to  calculate  the  number  of  cubic 
centimeters  of  the  gases  at  0°  and  760  m.m.,  it  is  done  by  the 
following  formulae : — 

8-6892  x  1285  i  onrt/?  .     . 

760  x  [1  +(0003665  x  15*4)]=  1'3906  «•  of  mfcro6en- 

8*6892  x  56*3 
760  x[l +(0*003665  xl5-4)r°'6093  c'c'  of  <****- 

8*6892  x  38-8  .... 

760  x[l+ (0-003665x15-4)]  =  °"4199  C'C'  of  carbomc  anhydnde- 

8-6892  x  223-6  ... 

760x[l+(0-003665xl5-4)]  =  24198  C'C*  of  tllC  0T1^naX  ** 

If  many  of  the  calculations  are  to  be  done,  they  may  be  very 
much  simplified  by  constructing  a  table  containing  the  logarithms 
of  the  quotients  obtained  by  dividing  the  contents  of  each  division 
of  the  tube  by  760  x  (1  +  0*003665*).  The  following  is  a  very 
short  extract  from  such  a  table : — 


T>. 

Division  No.  1. 

DiTision  No.  2. 
16*1621 

1~a7«oxa+j*>. 

Lug*760x(l  +  8»X 

15*0 

203492 

235511 

•1 

2*03477 

2*35496 

•2 

2*03462 

235481 

•3 

203447 

2-35466 

■4 

203432 

2*34451 
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By  adding  the  logarithms  of  the  tensions  of  the  gases  to  those 
in  the  above  table,  the  logarithms  of  the  quantities  of  gases  are 
obtained;  thus: — 


Log.  corresponding  to  Division  No.  1, 

and  15-4°     . 
Log.  128*5  sc  pressure  of  nitrogen 

Log.  of  quantity  of  nitrogen     . 
Volume    of   nitrogen  at    0*  and 
760  nun.         . 

Log.  56*3  =  pressure  of  oxygen 

Log.  of  quantity  of  oxygen 

Volume    of    oxygen    at    0*    and 
760  m.m.         . 


2*03432 
210890 
014322  -  log.  1-3906 

13906  e.c 
2-03432 

1-75051 

1-78483  =  log.  0-6093 

0-6093  cc 


2-03432 

1-58883 


Log.  38*8  =  pressure  of  carbonic  anhy- 
dride   

Log.  of  quantity  of  carbonic  anhy- 
dride   1*62315= log.  0-4199 

Volume  of  carbonic  anhydride  at 
0°  and  760  num. 


Log.  223*6  =  pressure  of  original  gas 

Log.  of  quantity  of  original  gas 
Volume  of  original  gas  at  0°  and 


0-4199  cc. 

2-03432 
2-34947 


0*38379  =  log.  2*4198 
760  m.m 2*4198  cc. 


Nitrogen 

Oxygen 

Carbonic  anhydride 

Total 


1*3906  or  1-391  c.c. 

0*6093  or  0*609  c.c. 

0*4199  or  0-420  c.c. 

2*4198  or  2*420  cc. 


The  following  example  of  an  analysis  of  coal  gas  will  show  the 
mode  of  working  with  this  apparatus,  and  the  various  operations  to 
Imj  performed  in  order  to  determine  the  carbonic  oiihyilride,  oxygen, 
hydrocarbons  absorbed  by  Nordhausen  sulphuric  acid,  hydrogen, 
marsh  gas,  carbonic  oxide,  and  nitrogen. 

The  measuring  tube  and  laboratory  tube  were  first  filled  with 
mercury,  some  of  the  gas  introduced  into  the  laboratory  tube,  and 
passed  into  the  apparatus. 

The  gas  was  measured  at  the  second  division. 

Height  of  mercury  in  the  barometer  tube  .     989*0 

„  „  „      measuring  tube  .     706*8 

Pressure  of  the  gas  at  16*6°     282*2 
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Twti  or  throe  drops  of  a   solution  ui  poteflsk   hydrate  ware 
now  placed  in  the  I1  ,  and  tli"  !  from  the 

measuring  babe,  tin-  mercury  being  allowed  to  drop  through  the 
f"r  ton  minut -.     On  measuring  :•_-  in — 

;ht  of  mercurj  in  baromel  .        .        .    984*0 

orated  solution  of  i  I  introduced 

•ratory  tube,  and  the  gas  tori  in  oontaet  with  the  Hqoid  for 
•n  minute       (  ta  measuring — 
Height  of  mercury  in  barometer 

Height  of  mercury  when  measuring  mmna\  gas 
n  m  ptioc  "t"  CO2 

1 

i  absorption  of  CO3 
absorption  of  0 

Pressure  of  O 


989-0 
984-0 

984-0 


0-4 


Tin-  i  gases  being  proportions]  to  their  pressures,  it 

ile  t<>  obtain  the   j    i  of  carbonic  anhydride  and 

in  the  original  ; 


Oris-m«l  ffftfl. 

28S 

Original  ten.*. 

:  a 


CO* 

50 
o 

0-4 


100      :       1  77:  CO1 

100      :     0-1 1_'  ;■■  r  cent  *  I 
1-914 


1*014   From    100,  ws  obtain    the    ramainder] 

t*086,  i  .  «»f  tin.'  liyilr'H.-arlMins  alisi.»rb'.'il   by  Nonlliuusen 

Iphnrk  add,  hydrogen,  carbonic  oxide-,  marsh  gas,  and  nitrogen; 

-us : — 

;  nl  gas 100-000 

O  and  CO9 1-014 

Cnll-u.  II.  Co.  Ul>.  N  .         .         .         .       98  086 

While  the  gas  remains  in  the  measuring  tube,  the  la&Qvatarj  tabs 

removed,  washed,  dried,  filled  with  mercury,  and  again  attached 

atua     Much  time  is  saved  by  replacing  iatory 

y  a  second,  which  As  a  minute 

■tity  of  gas  is  Lost  in  this  operation,  in  oonsequenoe  of  the 

lount  between  the  stop-cocks  being  replaced  bj 

iviaab  the  gas  into  the  laboratory  tube,  (hen  transfer  it 

tin*  eudiometer,  Lgain. 

i  >n  renieaauringi  the  meranry  in  the  barometer 

st I  at        .        .        .  .        .  983-3 

Tin-  mercury  in  the  measuring  tub  .        .     706H 

1   CnII-n.  II.  CO.  C1P.  N      2 
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The  gaa  is  again  passed  into  the  laboratory  tube,  and  a  coke  ball, 
soaked  in  fuming  sulphuric  acid,  left  in  contact  with  the  gas  for 
an  hour ;  the  bullet  is  then  withdrawn,  and  some  potaaeic  hydrate 
introduced  and  left  in  the  tube  for  ten  minutes,  in  order  to  remove 
the  vapours  of  sulphuric  anhydride,  and  the  sulphurous  and 
carbonic  anhydrides  formed  during  the  action  of  the  Nordhaueen 
acid  on  the  gas.     The  gas  is  now  measured  again. 

Height  of  mercury  in  barometer  tube         .        .  9693 
„                 „                „           before  absorbing 

CnH*n 983*3 

„  „  „  after         .        .  969*3 

Pressure  of  CnH«n       14*0 

The  percentage  of  these  hydrocarbons  is  thus  found : — 
Gas  containing  CnH*n.  H.  CO.  CH*  X. 

CnH*n. 

276-5     :     14*0     :  :     98*086     :     4966  per  cent  CnH'n 

It  now  remains  to  determine  the  hydrogen,  carbonic  oxide,  marsh 
gas,  and  nitrogen  in  a  portion  of  the  residual  gas.  The  laboratory 
tube  is  therefore  removed,  some  of  the  gas  allowed  to  escape,  and 
another  laboratory  tube  adapted  to  the  apparatus.  The  portion  of 
gas  remaining  is  expanded  to  a  lower  ring  (in  this  special  case  to 
the  third  division),  and  the  tension  measured : — 

Height  of  mercury  in  the  barometer  tube  .         .     642*2 
„  „  measuring  tube  .         .     606*7 

Pressure  of  residue       35*5 

An  excess  of  oxygen  has  now  to  be  added.  For  this  purpose 
the  gas  is  passed  into  the  laboratory  tube,  and  about  five  times  its 
volume  of  oxygen  introduced  from  a  test  tube  or  gas  pipette.  The 
necessary  quantity  of  oxygen  is  conveniently  estimated  by  the  aid 
of  rough  graduations  on  the  laboratory  tube,  which  are  made  by 
introducing  successive  quantities  of  air  from  a  small  tube  in  the 
manner  previously  described  for  the  calibration  of  the  eudiometers. 

After  the  introduction  of  the  oxygen,  the  mixed  gases  are  passed 
into  the  eudiometer  and  measured. 

Height   of    mercury  in    the    eudiometer    after 

addition  of  O 789*5 

The  mixture  has  now  to  be  exploded,  and  when  the  pressure  is 
considerable,  it  is  advisable  to  expand  the  gas  so  as  to  moderate  the 
violence  of  the  explosion.  "When  sufficiently  dilated,  the  stop-cock 
at  the  bottom  of  the  eudiometer  is  closed,  the  level  of  the  water 
lowered  l>eneath  the  platinum  wires  by  depressing  the  syphon,  and 
the  spark  passed.  The  explosion  should  be  so  powerful  that  it 
should  Ixs  audible,  and  the  flash  visible  in  not  too  bright  daylight 
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The  stop-cock  at  the  bottom  of  the  eudiometer  is  now  opened, 
and  the  gas  measured. 

Height  of  mercury  in  barometer  after  explosion  .     732'5 

The  difference  between  this  reading  and  the  previous  one  gives 
the  contraction  produced  by  the  explosion : — 

Height  of  mercury  in  barometer  before  explosion     789*5 
..  »  after         „  7325 

Contraction  =  C      57*0 

It  is  now  necessary  to  estimate  the  amount  of  carbonic  anhydride 
formed.  This  is  done  by  absorbing  with  potassic  hydrate  as  before 
described. 

Height    of    mercury  in    barometer    tube    after 

absorbing  CO2 7158 

This  number  deducted  from  the  last  reading  gives  the  carbonic 
anhydride. 

Height  of  mercury  in  barometer  after  exploding      732-5 
„  „     "  „      after  absorbing  CO2     715-8 

Carbonic  anhydride  =  D       16*7 

It  now  remains  to  determine  the  quantity  of  oxygen  which  was 
not  consumed  in  the  explosion,  and  which  excess  now  exists  mingled 
with  the  nitrogen.  For  this  purpose,  a  volume  of  hydrogen  about 
three  times  as  great  as  that  of  the  residual  gas  is  added,  in  the  same 
way  as  the  oxygen  was  previously  introduced,  and  the  pressure  of 
the  mixture  determined. 

Height  of  mercury  in  barometer  after  adding  H     1031 '3 

This  mixture  is  exploded  and  another  reading  taken. 

Height  of  mercury  in  barometer  after  exploding 

with  H 706-7 

This  number  subtracted  from  the  former,  and  the  difference 
divided  by  3,  gives  the  excess  of  oxygen. 

Height  of  mercury  in  barometer  before  exploding 

withH 1031-3 

Height  of  mercury  in  barometer  after  exploding 

with  H 706-7 

3)  3246 

Excess  of  oxygen     108'2 

In  order  to  obtain  the  quantity  of  nitrogen  in  the  gas  analyzed, 
this  number  has  to  be-  deducted  from  the  volume  of  gas  remaining 
after  the  explosion  with  oxygen  and  the  removal  of  the  carbonic 
anhydride. 
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Height  of  mercury  in  barometer  after  absorbing 

CO* 715-8 

„  „        in  eudiometer  at  division  No.  3    606*7 

Nitrogen  and  excess  of  oxygen  ....     109*1 
Excess  of  oxygen 108-2 

Nitrogen        0-9 

We  have  now  all  the  data  necessary  for  the  calculation  of  the 
composition  of  the  coal  gas.  It  is  first  requisite  to  calculate  the 
proportion  of  the  combustible  gas  present  in  the  coal  gas,  which  is 
done  by  deducting  the  sum  of  the  percentages  of  gas  determined 
by  absorption  from  100. 

Percentage  of  carbonic  anhydride     .         .        .       1*772 

„  oxygen 0-142 

„  CnH*n 4*966 

CO*.  O.  CnH*n      6*880 

Original  gas 100*000 

CO*  O.  CnH2n 6-880 

H.CO.CH*  X    93-120 

The  formulae  for  the  calculation  of  the  analysis  of  a  mixture  of 
hydrogen,  carbonic  oxide,  and  marsh  gas,  are  (see  page  486) — 
Hydrogen         «=a-=:A-D 

n   ^  •        a            3A-2C  +  D 
Carbonic  oxide  =  y  = «- 

_,     .                         2C-3A  +  2D 
Marsh  gas         =  z  =  -  — « 

A  =  35-5  -0*9  =  34-6 

C»570 

D  =  1C*7 
A=     34-6 
D=     16*7 

17*9  =  x  —  Hydrogen  in  35*5  of  the  gas  exploded 
with  oxygen. 
A«     34*6  C=     57  0 

3  2 

3A=    103*8                  2C=    1140 
I)=     167  

3A  +  D- Y20*5 

2C=   114-0 

3)      65  =  3A  +  D-2C 

3  A  4-  D  —  2C     

„ — —  a=   2*167  =  y  m  Carbonic  oxide  in  35-5  of  the  gas. 
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D  = 

2D  = 

2C  = 

2D  +  2C  = 
3A  = 


16-7 
2 

33-4 
1140 

147*4 

103-8 


2D  +  2C-3A 


3)  43*6  =  2D  +  2C-3A 
—*     14*533  —  z  —  Marsh  gas  in  35*5  of  the  gas. 


These  numbers  are  readily  transformed  into  percentages,  thus : — 


355  :  17*9 
35-5:    2167 
35-5  :  14533 
35-5  :    0-9 


93-12  :  46-952  per  cent,  of  Hydrogen. 
93*12  :    5*684  per  cent,  of  Carbonic  oxide. 
93*12  :  38*122  per  cent,  of  Marsh  gas. 
93*12  :    2-361  per  cent,  of  Nitrogen. 


This  completes  the  calculations,  the   results  of   which  are  as 
follows : — 


Hydrogen   . 
Marsh  gas  . 

.     46-952 
.     38*122 

CnH2n 

.       4-966 

Carbonic  oxide    . 

.       5*684 

Carbonic  anhydride     . 

Oxygen 

Nitrogen     . 

.       1*772 

0-142 

.       2-361 

99-999 


It  is  obvious  that  this  analysis  is  not  quite  complete,  since  it 
does  not  give  any  notion  of  the  composition  of  the  hydrocarbons 
absorbed  by  the  Nordhausen  acid.  To  determine  this,  some  of 
the  original  gas,  after  the  removal  of  carbonic  anhydride  and  oxygen, 
is  exploded  with  oxygen,  and  the  contraction  and  carbonic  anhy- 
dride produced  are  measured.  The  foregoing  experiments  have 
shown  the  effect  due  to  the  hydrogen,  carbonic  oxide,  and  marsh 
gas,  the  excess  obtained  in  the  last  explosion  being  obviously  caused 
by  the  hydrocarbons  dissolved  by  the  sulphuric  acid,  and  from 
these  data  the  composition  of  the  gas  may  be  calculated. 

It  may  be  remarked  that  analyses  of  this  kind  were  performed 
with  the  apparatus  at  the  rate  of  two  a  day  when  working  for 
seven  hours. 

It  may  be  useful  to  show  how  this  analysis  appears  in  the 
laboratory  note  book : — 
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984*0  Aft.  absorb.  00s 

988*6  Aftabwrfo.0 

988-3  Remeasored 

949*3  Aft  absorb.  CoHV 


606*7  (Portion  of 

f  Residue 

85-5J 


969*0 

984-0 


984-0 
988-6 


5-0  ot  CO*       04  «  i 

282-8: 5-0::  100 
:  0-4::  100 


1772  00* 
0142  0 

1-914 


100-000 
1-914  CO*.  O 


98-086  CnH*n.  H.  CO.  CH*.  N 

983-8         9833 
706-8         969*8 


276-5  I4-0CnH»o 

276-6  :H*0  ::  98*086  : 4-966  CnEPa 


789*5    withO 

783-5    AftexpL 
715*8    Aftahso* 

1031-8    withH 
7067    Aftexpl. 

b.C0* 

A-D 

SA  -  2C  + 

8 
2C  -  3A  + 

3 

34*6    = 
3 

CO*  =  1772 
85-5  =  H.  CO.  CH*.  N                    O  =  0-142 

0-9  rs  K                                    CnH%  =  4-966 

34-6  =  H.  CO.  CH*  =  A                           6-880 

789-6                                  732-5 
782-5                                    716-8 

57-0  =  eontoicUo&  =  C     16-7  =  CO*  =  D 
1031-8                   716-8 
706-7                   6067 

H  =  JL'  = 

CO  =  y  = 
CH*  =  z  = 

3*324-6 
1082  -  O 

=  17-9 
-D  =    2-167 

*>  =14-538 

1091  =  N  +  O 
108*2  =  0 

0*9  =  N 

34-6  =  A 
16-7  =  D 

34*600 
A 

8A 
D 

3A+  D 
2C 

8A  +  D  -  2C 

•y  =  C0 

35-5  :  17-9 
35-5  :  2167 
35-5  :  14-533 
85-5:  0-9 

167    =  D 
2 

17-9  =  a:=-  H 

103*8    = 
167    = 

33-4    =  2D 
1140    =2C 

570  =  C 

2 

120-6    = 
114-0    = 

147*4    =  2C  +  2D 
103-8    =SA 

114-0  =  2C 

8)     6-5    = 

3)   48-6    =  2D  +  2C  -  3A 

100-000 
6-880  CO. 

2:167?- 

0.  CnH*n 
:o.  CH*.  N 

14533=  z  =  CH* 

:  :  9312  :  46-952  H 
:  :  9312  :   5-684  CO 
::  93-12:  88-122  CH* 
: : 9312  :  2361  N 

93120  H.  C 

l9  8   OAS    IPPABATtTS. 


H 

=     1 

CH* 

=     38-122 

CntPn 

=      4-966 

=      6*684 

CO* 

=       1  771! 

0 

=       0*142 

X 

=      2-361 

tied  in  the  above  exunpta,  that  the  temperature  of  the 

Imder  remained  constant  throughout   the  petdod 

d  in  performing  the  analysis.    As  tbii  i  Ij  happens, 

apamtare  should  be  carefully  read  off  after  every  maoaurfr- 

at  of  ill-.-  gas  and  noted,  in  order  that  due  correction  be  made  for 

rease  or  decrease  of  volume  which  maj  ceanlt  in  oonsequcnee. 


THOMAS'S  IMPROVED  GAS  APPARATUS. 

In   the  Chemical  Society*  Journal  for  Kay,  1879,  Tho 

I   an  apparatue    for  gas  analysis   which   has  the   closed 
ore  tube  <■!    Franfcland  and  Ward,  and  is  supplied  with 
la  of  the  flexible  caoutchouc  tube  axrangam< 

r   I i.     The   lu.iimiT  in  which  this  apparatus  is  tilled   with 

lercurj  ami  got  into  order  fiar  working  is  so  similar  to  that  already 

Eribed,  that  no  farther  reference  need  be  made  thereto. 
Tin*  eudiometer  is  only  450  in.in.  long  from  shoulder  to  shoulder, 
nut  tin1  laboratory  tube  ami  mercury  trough  axe  under  the  command 
of  the  operator  from  the  floor  level    Tin?  eudiometer  has  divisions 
10  m.m,  apart,  excepting  the  uppermost,  which  is  placed  us  close 
itinum  wires  as  is  convenient  to  obtain  a  reading, 
li«-  method  explained  in  sequel  of   exploding  oombustible  gases 
ondei  reduoed  pressure,  without  addin  of  gn.s  to  modify  the 

cd  the  explo  ion,  pei   til     !     mortaning  of  the  eudiumi 
and  enables  die  apparatna  to  be  so  erected,  that  ;i  long 
column  of  th<-  barometer  tnbe  shall  ste        :     ■  the  summit  of  the 
eudiometer.     By  means  of  such  an  arrangement  a  volume  od 
may  he  measured  under  nearly  atmospheric  pressure,  end  as  this 

Kit  equal  to  mo*              00  m.m.,  pins  aqueous  t.^  oi*  n,  the 
•iLsitiveness   of    the   apparatus   is  consideraMv    augmented.       The 
irometer  tube  is  1000  nun.  in  length,  having  about  TOO  iu.ni. 
jh's  alMivi'.  Division  -  on  tl adiometer.    Tin'  steel  damp  and 
u.  ts  forming  the  connections  between  the  eudiometer  and  d<  | 
able  laboratory   tube  of   tin-  apparatus   pzevioi 
dlspenaed  with,  as  in  this  form  tlu-  eudiometex  ami  laboratory 
re  united  by  a  eontinuoue  capillary  tube,  19  m.m.  (outside) 
dtaroetar,  and  one  three-way  glass  tap  is  employed  in   lint  . 
two   stop-cocks.      Tli'       I               'lit   is  simple      The   glass   Up   is 
hollow  in  the  centre,  and  through  this  hollow  i  oommunics 
le  with  tin-  capillary,  by  means  .-f  which  cither  the   Uboi 


Ol 
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tube  or  tlio  eudiometer  can  be  washed  out.  As  the  laboratory 
vessel  is  not  disconnected  for  the  removal  of  the  reagent  used  in 
on  absorption,  it  is  supported  by  a  clamp,  as  shown  in  the  drawing; 
and  when  it  requires  washing  out  the  mercury  trough  is  turned 
aside,  in  order  that  an  enema  syringe  may  be  used  for  injecting  a 
stream  of  water.  A  few  drops  of  water  are  let  fall  into  the  hollow 
of  the  tap,  and  blown  through  the  capillary  tube  three  times  in 
succession,  so  as  to  get  rid  of  the  absorbent  remaining  in  the 
capillary,  then  the  syringe  ib  brought  into  play  once  more,  the 
excess  of  water  removed  by  wiping,  and  the  trough  turned  back 
into  position.  The  laboratory  tube  may  be  refilled  with  mercury 
as  described  on  page  498;  but  it  will  be  found  much  more  serviceable 
if  a  double-acting  syringe,  connected  to  a  bulb  apparatus  (to  catch 
any  mercury  that  may  come  over),  and  then  to  the  orifice  of  the 
hollow  in  the  tap  by  a  ground  perforated  stopper,  be  used,  as  this 
will  obviate  the  destructive  effect  of  heavy  suction  upon  the  gums 
and  teeth.  The  mercury  trough  is  supported  upon  a  guide  which 
travels  over  the  upright  U,  and  is  turned  aside  for  the  purpose  of 
washing  out  the  laboratory  vessel  in  the  following  manner : — The 
spiral  spring  is  depressed  by  means  of  the  tension  rods  until  the 
slot  is  brought  below  the  stud  fixed  in  the  upright  U;  and  the  top 
ferrule  holding  the  guide  rods  being  movable,  the  trough  can  be 
turned  round  out  of  the  way,  but  is  prevented  from  coming  in 
contact  with  the  glass  water-cylinder  by  an  arrangement  in  the  top 
of  the  guide,  which  comes  against  the  stud  in  the  upright  The 
height  of  the  trough  can  be  accurately  adjusted  by  the  screw  in  the 
top  of  the  lever  guide.  When  the  trough  is  in  position,  the  clamp 
holding  the  laboratory  vessel  may  be  loosed  when  necessary. 

The  eudiometer  and  barometer  tubes  pass  through  an  india- 
rubber  cork,  as  in  Mc  Leod's  apparatus,  but  are  not  supported  by 
the  clamp  C,  wliich  here  simply  bears  the  water-cylinder.  No 
glass  stop-cocks  are  used,  or  glass-work  of  any  kind  employed  in 
the  construction  of  the  lower  jx>rtion  of  the  apparatus.  The  lower 
end  of  the  eudiometer  lias  a  neck  of  the  same  outside  diameter  as 
the  barometer  tube  (9*5  ni.ni.),  and  both  tubes  are  fixed  into  the 
steel  block  X,  without  rigidity,  by  the  usual  steam  cylinder-gland 
arrangement,  small  india-rubber  rings  being  used  to  form  the 
packing.  The  steel  block  is  fixed  to  the  table  by  a  nut  screwed 
upon  the  f-inch  hydraulic  iron  tube,  wliich  runs  to  the  bottom  of 
the  table.  The  tap  in  the  steel  block  is  so  devised  that  it  first  cuts 
off  connection  with  the  barometer  tube,  in  order  that  the  gas  may 
bo  drawn  over  from  the  laboratory  vessel  into  the  eudiometer  with- 
out risking  the  fracture  of  the  upper  end  of  the  barometer  tube  by 
any  sudden  action  of  the  mercury.  This  precaution  is  necessary,  as 
during  the  transferring  of  the  gas  the  mercury  in  the  barometer 
tube  is  on  the  point  of  lowering,  to  leave  a  vacuous  space  in  the 
summit  of  the  tube.  By  moving  the  handle  a  little  further  on 
the  quadrant  a  communication  is  made  with  both  tubes  and  the 
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take  i  read  the  handle  is  drawn  a  little  farther  bo  cut  off 


11  /.  ^7 

iir  supply,  whilst  there  ia  '  way  *til]  lefl  between  tin' 
eudiometer  and   barometer   tubes,  and   if  tin-   handle    be  drawn 
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forward  a  little  more,  all  communication  is  cut  off  for  the  purpose 
of  exploding. 

The  windlass  P,  for  raising  and  lowering  the  mercury  reservoir  L, 
is  placed  beneath  the  table,  in  order  that  it  may  be  under  command 
from  a  position  opposite  the  laboratory  vessel,  and  it  is  furnished 
with  a  spring  ratchet  motion,  so  as  to  be  worked  by  one  hand.  The 
water-cylinder  should  be  four  inches  in  diameter,  and  the  casing  tube 
of  the  barometer  as  wide  as  practicable,  so  that  the  temperature  of 
the  apparatus  may  be  maintained  as  constant  as  possible.  To  attain 
an  accurate  result  it  is  as  essential  to  keep  the  barometer  tube 
of  uniform  temperature  as  the  eudiometer,  since  the  tension  of 
aqueous  vajwur  varies  proportionally.  The  stream  of  water  from 
the  service  main  is  run  into  the  casing  tube  at  the  upper  end  of 
the  barometer,  and,  whilst  the  water-cylinder  is  filling,  the  tap  at 
the  bottom  is  opened  slightly,  so  that  water  may  run  out  very 
slowly.  When  the  water-cylinder  is  full,  the  upright  tube  G  acte 
as  a  syphon,  and  sucks  out  the  excess  of  water  from  the  top  of  the 
cylinder,  thus  keeping  up  the  circulation  at  the  point  where  it  is 
most  required.  For  a  further  detailed  description  of  the  apparatus 
see  /.  C.  S.,  May,  1879. 

There  are  only  two  working  taps  upon  this  apparatus — the 
three-way  glass  tap  between  the  eudiometer  and  laboratory  tube, 
and  the  steel  tap  at  the  lower  ends  of  the  barometer  and  eudiometer. 
The  steel  tap  is  greased  with  a  little  beef-tallow  (made  from  clean 
beef-suet),  or  with  real  Russian  tallow;  it  will  last  for  twelve 
months  without  further  attention.  A  moderately  thick  washer  of 
india-rubber,  placed  between  the  steel  washer  and  the  nut  at  the 
end  of  the  steel  tap,  adds  greatly  to  the  steady  working  of  the 
needle  on  the  quadrant.  Moderately  soft  resin  cerate  is  best  for 
the  glass  tap. 

"When  filling  the  laboratory  vessel  with  mercury,  suction  is 
maintained  until  the  mercury  has  reached  some  height  in  the 
hollow  of  the  three-way  tap.  The  remainder  of  the  hollow  space 
is  replenished  by  pouring  the  mercury  from  a  small  crucible  ;  any 
water  that  may  be  present  is  then  removed,  and  the  small  stopper 
inserted.  When  the  laboratory  vessel  has  to  be  washed  out  after 
an  absorption,  the  gas  is  transferred  to  the  eudiometer  until  the 
absorbent  gets  within  a  quarter  of  an  inch  of  the  stop-cock.  The 
mechanical  arrangement  should  be  so  manageable  that  this  nicety 
of  adjustment  can  be  accomplished  with  ease.  Much  depends,  of 
course,  upon  the  care  bestowed  in  cerating  the  tap,  so  that  the 
capillary  is  not  carelessly  blocked  up.  As  soon  as  the  gas  has 
passed  over  to  the  extent  required,  turn  the  three-way  tap  until  the 
through-way  is  at  right  angles  to  the  capillary,  and  the  way  to  the 
hollow  of  the  tap  is  in  communication  with  the  laboratory  vessel, 
then  take  out  the  little  stopper  from  the  hollow,  so  that  the  mercury 
shall  flow  out,  and  allow  the  laboratory  vessel  to  become  emptied 
whilst  the  reading  of  the  volume  of  the  gas  is  being  taken.     The 
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trashing  out  the  laboratory  tube  ii  a  "syphon 
enema"  (Dr.   Bigginson'a  principle,  which  may  be  obtained  of 

;),  adapting  in  the  place  of  the  nsnaJ  noexle  a  beal 
Tlus  syringe  is  constant  in  its  action,  m  it  Jills  itself  when 
the  pretStW  .1,  if  tlit*  tube  at  the  lower  end   IS  pi* 

1  of  water.     The  laboratory  vessel  ran  be  washed  not  ami 

;  in  a  very  little  time,  as  it  is  already  D  fend  far  all 

ordinary  absorptions  it  in  sufficient  to  wipe  the  reese]  out  once  bj 

up  a  fine  towel  twisted  oa  a  round  stick.    When  CnlPn 

gases  b  '1  by  fuming  sulphuric  acid,  the  watex  should 

iwn  out  of  the  capillary  tube  into  the  Laboratory 
.  which  DM  peatcdly  dried.     A  few  drops  of  strong 

sulphuric  acid  were  at  first  run  into  the  hollow  of  the  tap  and  than 
.li  the  capillary  whilst  the  labora- 
ill  of  mercury,  in  order 
remove  any  moisture  remaining,  but 
baa  ■  i    ■  found  uc  \ .  as 

ie  drying  can  lie  performed  thoroughly 
without 
Ho    calibrate    the    eudiometer  with 
quantity  required 
li  the  bollow  in  the  stopper,  then 
latter,  and  collect  the  w 
in  a  light  flask  bom  the  bottom  of  the 
tap-socket. 
In  I  paper  (J.  C  &,  May, 

i.  Thomas  pointed  out  that  it  was 
ential  to  add  excess  of  eithfii 
i  •-[  hydrogen  tor  the  purpose  of 
difying  the  force  of  the   explosion 
leu    combustible   gases  were    under 
md   it  is  aeceesary  to   take 
<f  this  when  working  with  bo 
nrt  an  eudiometer.    The  method  is, 

IMS 

i  reasonable  length  of  barometer 

above  the  eudiometer;  in  fact, 

expl  worked 

I  in  an  appa  I  del    When  the 

i  in  a  sample  of  air  has  to  be  determined  by 
nly  one  half  its  \  olmne  of  hydrogen  is  required,  and  tie- 
need  not  1»'  reduced  below  400  m.m.     If  much  more  than 
-half  volume  Df  hy  n  added  by  accident,  ex 

pheric  pressure.    When  theexi  ;  nsed  in  an 

Jyns  has  I  rmined,  add  2'5  1  rohune  of  hydi 

red i  ire  to  1K0  m.m.  of  mercury  before  exploding, 

tding  ili"  hydrogen  and  1  .  i  has  been  taken,  the  gas 

•\r  until  a  column  of 
i    i. 
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mercury,  measuring  the  number  of  m.m.'s  in  length  just  referred  to 
and  in  the  following  table,  stands  above  the  meniscus  of  the  mercury 
in  the  eudiometer.  Tliis  column  can  be  read  off  quite  near  enough  by 
the  eye,  as  there  is  no  risk  of  breaking  the  apparatus  by  the  force  of 
the  explosion  if  the  pressure  is  20  m.m.  greater  tlian  that  given; 
but  if  the  gas  under  analysis  is  all  combustible,  it  is  better  to 
explode  at  a  slightly  less  pressure  than  to  exceed  that  recommended. 


Name  of  Gas. 


Hydrogen  - 

Carbonic  Oxide  - 

Marsh  Gas 

Acetylene  - 

Olefiant  Gas 

Methyl  and  Hydride  of  Ethyl 

Propyl        - 

Hydride  of  Propyl 

Butyl         - 

Ethyl  and  Hydride  of  Butyl 


»l 

*L 

ill 
If 

i 

1 

1 

i 

1 

2*5 

1 

3 

1 

35 

1 

4 

1 

5 

1 

5-5 

1 

6 

1 

7 

200  rn.ru. 

200  rn.ni. 

170  nun. 

150  m.m. 

145  rn.ni. 

140  m.m. 

135  m.m. 

130  tn.ni. 

125  m.m. 

120  m.m. 


It  follows,  naturally,  that  the  exploding  pressure  will  depend  upon 
the  proportion  of  combustible  gas  introduced;  and  experience 
alone  can  enable  one  to  determine  with  any  degree  of  exactness 
what  that  pressure  must  be,  as  no  general  law  can  be  laid  down. 
For  instance,  if  more  than  three  volumes  of  hydrogen  were  added 
to  one  of  oxygen,  the  exploding  pressure  should  exceed  200  m.in. ; 
and  if  much  nitrogen  or  other  gas  were  present  that  did  not  take  a 
part  in  the  reaction,  the  pressure  should  be  still  more  increased. 
As  a  consequence,  the  same  experience  is  necessary  when  dealing 
with  explosive  gases  by  the  other  method,  because  the  addition 
of  too  much  inert  gas,  with  a  view  to  modify  the  force  of  the 
explosion,  may  lead  to  imperfect  combustion,  inasmuch  as  the 
cooling  effect  of  the  tube  and  gas  can  reduce  the  temperature 
below  that  required.  In  all  instances,  when  the  approximate  com- 
position of  the  gas  is  known,  it  is  not  difficult  to  determine  the 
quantity  of  oxygen  or  hydrogen,  as  the  case  may  be,  which  is 
required  for  explosion,  or  the  pressure  under  which  the  gas  should 
he  exploded.  In  order  to  do  this  systematically,  it  is  always  well 
to  remember  certain  points  observed  during  the  stages  of  the 
analysis.  The  gas  in  the  laboratory  vessel,  before  being  transferred 
to  the  eudiometer,  occupies  a  certain  volume  in  a  position  between 
(or  otherwise)  the  calibration  divisions.  After  transferring  and 
reading  off,  bear  in  mind  the  number  of  m.m. 'a  which  the  volume 
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ute;  and  calculate,  being  re-transferred  to  tb« 

laboratory  vessel  t«-  be  mixed  with  that  employed  u  .<  Loeion, 

DO      iiry  should  stand  in  tin-  baxozneter 
tube  wln'ii  m^mffntng  the  ml  .  and  haw  much  cd   the 

pied  on  a  pre-vii  i  imilsr 

ined.     If  tie,  one  can  realize  at  once,  after 

i   the  volum  nixed  gase  oportion  -  d 

led,  and  the  pressure  under  which  to  > 

Another  glance  at  the  volume  which  the  gas  occupies  in 
with  a  comparison  of  the  pre  corded  upon 

the  h>  tube,  enables  one,  after  a  little  practice,  to  at  anoo 

d  the  mixture  t<>  the  point    <t  which  it  will  explode  with 
ilte.    It  is  not  expedient  o  much  reliance 

upon  tin.-  marks  showing  equal  volumes  upon  tin-  laboratory 

illy    when   dealing   with   small   quantities   "f    gift;    ami   a 

comparison  of  the  volumes  obtained  in  reading  before  and  after  the 

addition  "f  oxygen  or  hydrogen  is  always  prudent,  in  nnler  to  see 

a  has  been  added,  as  well  as  to  anaols  one  bo  judge 

ire  under  which  the  gas  Bhould  be  exploded 


Not». 


Stfttyer  and  Seubert  (Z.  a.  C.  xxiv.  414)  have  designed  a  gas  apparatus 


—_iilar  in  man/  ri-*|i.-«M*i  to  that  of    Mc  I.co-I   and  Thomas,  but  of    aimplor  oon- 
atruction,  and  especially  adapted  for  explosttons  under  dimlniahod  pressure. 


Keiser's  Portable  Gas  Apparatus. 

Thi-  I    on    tin-   principle   of    determining  the 

volume  of  a  gas  from  the  weight  <>f  mercury  which  it  may  be 
t-i  displace  at  a  known  temperature  and  pressure,  It  'li.-peuaes 
entirely  with  tin.'  Inn-  graduated  tubes  and  other  vessels  ocSjUDjOS  to 
.  inuspj  described,  without  any  sacrifice  "f  accuracy. 
The  following  description  occurs  in  the  Amer.  Cfo  '  ,  1886 
(bu1  i-  reproduced  hore  from  /  \  xL  106): — 

Figi  sit  shows  tin-  construction  of  the  measuring  appnratrj         I 
the  absorption  pipette.    A  i^  tin-  measuring  apparatus,  B  is  tin* 
tion   pipette;    a  and  b  an1   glass   bulbs  <>f   about   150  cd 
capacity.    They  are  connected  .it  the  bottom  by  a  glass  tube  of 
1  in. in.  three-way  btop*ccok  d.     The  oonatruotion 

•  •I'  tin-  key  "f  tii'  k  is  shown  in  the  margin.     One  hoi  is 

drilled  straight  through  the  key,  and  by  i  ma  the  i  •  awls  o 

.mil  l  may  boraadi  t mmunicate,     Another  opening  i-  «lt'illi  -.1  .U 

right  angli  first,  which  communicatee  with  an  opening 

ndle,  but  doc*  not  communicate  with  the 
i  ana  of  this,  mercury  contained  m  eithei 
allowed  t--  flow  out  through  the  handle  d  into  b  cup  plaoi  •I 
h.     The  bulb  /  t  the  top  to  an  openi       10  m.m. 

ia  diameter.     This  ia  closed  by    i  rubber  stopper  carryings  beat 
aba,  to  which  is  attached  the  rubber  pump  a    To  a  second 
■   ■  >pper,  a  snort  piece  •  >{    . 
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tubing  with  a  pinch-cock  is  attached.  By  means  of  the  pump  e  air 
may  be  forced  into  or  withdrawn  from  6,  as  one  or  the  other  end  of 
the  pump  is  attached  to  the  glass  tube.  The  bulb  a  terminates  at 
the  top  in  a  narrow  glass  tube,  to  which  is  fused  the  three-way  stop- 
p.'  cocke.    The  construe 

tion  of  the  key  of  this 
stop-cock  is  also  shown 
in  the  cut.  By  means 
of  it  the  vessel  a  may 
be  allowed  to  com- 
municate with  the 
outside  air,  or  with 
the  tube  passing  to 
theabeorption  pipette, 
or  with  the  gauge  #. 
The  gauge  g  is  a  glass 
tube  having  a  bow 
1  m.m.  in  diameter 
and  bent,  as  shown  in 
the  figure  By  pouring 
a  few  drops  of  water 
into  the  open  end  of 
this  tube  a  column  of 
water  several  centimeters  high  in  both  limbs  of  the  tube  is  obtained. 
This  serves  as  a  manometer,  and  enables  the  operator  to  know  when 
the  pressure  of  the  gas  equals  the  atmospheric  pressure.  To  secure 
a  uniform  temperature,  the  bulbs  a  and  b  are  surrounded  by  water 
contained  in  a  glass  vessel.  This  vessel  for  holding  water  is  merely 
an  inverted  bottle  of  clear  glass  from  which  the  bottom  has  been 
removed.  The  handle  of  the  stop-cock  d  passes  through  a  rubber 
stopper  in  the  neck  of  the  bottle.  A  thermometer  graduated  to  \* 
is  placed  in  the  water  near  the  bulb  a.  The  whole  apparatus  is 
supported  upon  a  vertical  wooden  stand. 

The  absorption  pipette  B  consists  of  two  nearly  spherical  glass 
Bulbs  of  about  300  c.c.  capacity.  They  communicate  at  the  bottom 
by  means  of  a  glass  tube,  3  m.m.  inside  diameter,  tf  is  a  two-way 
stop-cock.  Tho  holes  in  the  key  are  drilled  at  right  angles,  so  that 
the  tube  which  connects  with  the  measuring  apparatus  may  be  put 
in  communication  either  with  the  funnel  or  with  the  absorption 
bulb.  The  funnel  is  of  service  in  removing  air  from  the  tube  which 
connects  the  measuring  apparatus  with  tho  absorption  pipette.  By 
pouring  mercury  or  water  into  the  funnel  and  turning  the  stop- 
cocks  c'  and  c  in  the  proper  directions  all  the  air  is  readily  removed. 
/  is  a  rubber  pump  used  in  transferring  gas  from  B  to  A.  The 
lower  part  of  the  pipette  contains  mcrcurj',  which  protects  the 
reagent  from  the  action  of  tho  air. 

To  measure  the  volume  of  a  gas,  the  vessel  a  is  filled  completely 
with  pure  mercury.     This  is  easily  accomplished  by  pouring  the 
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mJ  thereafter  turning  c  until  a  coo  u  with 

Log  n  into  a  by  means  of  the  pumps.    Any 

Qercnrj  in  &  is  then  allowed  to  flow  ou t  thnxign  the  « top 

■  •.«'k  '/.     When  "  and  b  are  bow  placed  into  communication  the 

■  i  v  will  Bow  from  a  to  '■,  and  gas  will  be  drawn  in  through  the 

»  k  «-.    The  volume  of  mercury  which  Hows  into  6  is  equal  to 

the  Tohunc  <>f  gaa  drawn  into  a.    When  inn  mercury  rn 

in  /',  and  it  ia  desired  to  draw  in  still  more  gas  into  a,  I 

exhaust  the  ;iir  in  b  by  means  odE  the  pump  a 
After  the  desired  quantity  of  gas  lias  been  drawn  Into  a  the  stop- 

t'w  minutes  the  temperature  of 
i  the  earn  of  the  water  srnrounding  «. 

■  "f  thi  gaa  is  then  mode  approximately  equal  to  atmos- 
pheric pressure  by  allowing  the  mercury  t<>  now  qui  «>f  b  into  a 
ted  booker  placed  beneath  the  stop-cod  d  until  it  atanda  at 
raearlj   the  -inn-  level  in  both  a  and  &.     Communxaitios  Ea  now 
established  >i  and  y,  and  by  means  of  the  pump  a  the 

ire  can  be  i  ffith  the  utmost  delioacy  until  ii 

scjuaI  to  atmospherii  pressure,     Tin-  stop-cock  d  is  then  closed]  and 

the  remainder  of  the  mercury  in  6  is  allowed  bo  Bow  out  into  the 

The  weight  of  the  mi  pissed  by  the  gas  divided 

rai  it>  of  n  in  gives 

the  volume  of  the  gas  in  cubic  centinn  I   i 

If  it  La  desired  to  remove  any  constituent  «>f  1 1  ibaorption, 

.i  pipette  r  og  the  appropriate  reagent,  ia  attached  to  tin* 

iring  apparatus.     All  the  air  in  the  connecting  tabs  is  expelled 

curj   into  the  runnel  and  turning  i-coeks 

e*  and  the  mercury  Mows  out  through  a     A  tittle  mors 

than  enough  mercury  to  expel  the  gas  in  the  \  easel  a  b  pottred  into  &« 

ill  quantity  of  air  which  is  confined  in  tin-*  tube  connecting  6 

with  the  etop-cock  is  removed  by  allowing  a  few  drops  --f  rncreurj 

i"  run  out  through  b.     Then  '(■  and  o  are  placed  in  communi 

Tin-  atop-cocka  r  and  t  are  turned  so  thai  pass  htto  the 

pipette,  the  mercur)  which  filled  the  connecting  ta.be  passes  into  the 

rid  unites  with  that  which  is  already  at  the 

bottom  of  i  The  transfer  ia  facilitated  by  the  pump  e. 

After  absorption  the  residual  volume  ia  measured  in  the  same  way 

that  the  original  volume  was  measured.  lately  filled  with 

tnercurj  from  the  upper  to  the  lower  atop  d  all  the  mercury 

in  /*  is  allowed  t<>  run  oul  ;  the  gaa  ia  then  drawn  bsok  Into  the 

measurim:  anpai  last  portion  remaining  hi  the  connecting 

tube  being  displaced  l>j    means  of  mercury  from  the  funnel     The 

volume  is  then  d<  tormined  is  before. 

The  calculation  of  the  results  of  an  analysis  ia  very  simple.     If 

.  iture  and  pressure  remain  the  same  during  an  anarj 

ia  frequently  the  case,  then  the  weighta  of  mercury  obtained  an  in 

dirocl  vohuues,  and  the  j  ■  poaitjon 

■    ■         in    L  by  a  simple  proportion. 
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If  the  temperature  and  pressure  are  different  when  the 
measurements  are  made,  it  is  necessary  to  reduce  the  volumes  to 
0°  and  760  num.    The  following  formula  is  then  used : — 

W(H-h) 
Y  "Z>  (1+0-00367x0  760' 
in  which 

W=  weight  of  mercury  obtained  (in  grams), 
D-  specific  gravity  of  mercury  at  **, 

t  m  temperature  at  which  the  gas  is  measured, 
H=  height  of  the  barometer, 
h  —  tension  of  aqueous  vapour, 
Vm  reduced  gas  volume  (in  cubic  centimeters). 
In  all  the  measurements  made  with  the  apparatus  the  gas  fe 
saturated  with  aqueous  vapour,  because  it  comes  in  contact  with 
the  water  in  the  manometer  g. 

The  following  experiments  were  made  to  test  the  accuracy  of  the 
instrument  A  quantity  of  air  was  drawn  into  the  measuring  bulb 
and  its  volume  determined.  The  air  was  then  transferred  to  an 
absorption  pipette  which  contained  only  mercury  and  no  reagent 
It  was  then  brought  back  again  into  the  measuring  apparatus  and 
its  volume  redetermined.     The  following  results  were  obtained  :— 

I. 


Volume  of  air  taken 
„       after  first  transfer 
„         „    second  transfer 

... 

Volume  at  C*— 780  m 
67-558  c.c. 
57*567 
67*570 

Volume  taken    ... 

„       after  transferring 

II. 

At  0°— 760  m.m. 
93216  c.c. 

93229 

Volume  taken   ... 

„       after  transferring 

III. 

At  0°— 760  m.m. 
133-473  c.c. 
133  490 

Volume  taken   ... 

„       after  transferring 

IV. 

At  0°— 760  m.m. 
92-275  c.c. 
92*260 

Volume  taken   ... 

„       after  transferring 

V. 

At  0*— 700  m.m. 
109-025  c.c. 
109020 

Volume  taken    ... 

„       after  first  transfer 
„          „     second  transfer 

VI. 

At  0°— 760  m.m. 
103*970  c.c. 
103-955 
103-980 

The  apparatus  was  also  tested  by  making  analyses  of  atmospheric 
air.     It  has  been  shown  both  by  AVinklcr  and  Hempel  that  the 
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oampatitinn  of  tin-  uir  varies  from  day  to  day. 

it    The  causes  which  produce 
i-.-   in   the   i 
■  ipotfectly  unclorstood,     It  is  t  !>]<•  to 

simple  instrument  *f  which  the  comp 

of  the  .iii  may  be  del         ■     ■  tpldlj  and  yet  witii 

Tim  following   Lnaiyses  show  that  tin*  apparatus  ben  described 

in  wt-li  adapted  to  tliis  purpose.     Thi    reagent  used  to  absorb  the 

.  and  carbon  dioxide  was  an  alkaline  solution  of  pyrognllo!, 

I    by  mixing  one   volume  of  ■■.  -"»  jut  cent,  solution  of 

tllo)  with  six  volun  0  per  cent,  solution  of  jKjtnssic 

hydra 

Auaiifsi*  of  Air  iaX'fn  from  thr  Laboratory, 

I. 

Peroeut. 
W  H  t  V*  O+COS. 

Air  taken     .         1738-53        748-87         158        ]K  »:t:, ... .       ... 

Vol.  of  nitrogen  ta77'6S  74337  15*8  BOW  20760 
137U-40  74365  16  75  02  256  20  771 
Per  cant  of  O  and  CO3,  90*765. 

11. 

Per  cent, 
W  H  t  V'  0+C02. 

Vol.  of  air  1708*01         748-08        150        115'546  c.c. 

nitrogen  13M-04        747  33         152  91*604        20  755 

Per  cent,  of  O  and  CO-  found,  20-755. 

The  following  analyses  WON  mode  with  a  sample  of  itmofpheric  air 
i  fubMo^aMd  aay ; — 


Per  c»ht. 

W 

H 

t                     V 

o+cos. 

'ol.  of  air 

170481 

754  92 

12-2         117-814  c,< 

pUrogan 

134S33 

fU-fB 

LfrOfi        93  216 

- 1           -i 

1 3  l-l  71 

Titn 

117          981 

20-868 

Per  cent,  of  0  and  CO-,  20 

ii. 

P»r  o«4. 

w 

H 

t                 V* 

OrCO*. 

roL  of  »ir 

75030 

In  ir.      ii. 

nitrogen 

755-49 

lu"-,       -J2-2G0 

20-863 

M                          W 

1888*88 

766*30 

10-00        99/2*8 

20*870 

Per  cent,  of  0  and  CO2,  20*866. 

The  apparatus  described  in  the  preceding  paj^es  wns  made  for  the  author. 
toeueal  manner,  bj  Mr.  Bniil  Griener,  79,  Nassau  Street,  New  York. 


SIMPLER    METHODS    OF    OAS    ANALTSIS. 

Am-  tin  oa  previou      d        bed  arc  adapted 

mouul  of  accuracy,  regardless  of  speed  ..r  tin- 

in-  occupied  in  carrying  on  ■  ■****•!*  involved, 

and  technical  purposes  the  demund  for  something 


520  VOLUMETRIC  ANALYSIS.  {  99. 

requiring  less  time  and  care,  even  at  the  sacrifice  of  some  accuracy, 
has  been  met  by  a  large  number  of  designs  for  apparatus  of  a 
simpler  class,  among  which  may  be  mentioned  those  of  Orsat, 
Bunte,  Winkel,  Hempel,  Stead,  Lunge,  etc.  Many  of  these 
are  arranged  to  suit  the  convenience  of  special  industries,  and  will 
not  be  described  here. 

The  most  useful  apparatus  for  general  purposes  is  either  that  of 
Hempel  or  Lunge,  both  of  which  will  be  shortly  described. 
Fuller  details  as  to  these  and  other  special  kinds  of  apparatus  are 
contained  in  'Winkler's  Handbook  of  Technical  Gas  Analytic 
translated  by  Lunge.* 

The  general  principles  upon  which  these  various  sets  of  apparatus 
are  based,  and  the  calculation  of  results,  are  the  same  as  have  been 
described  in  preceding  pages ;  and  of  course  due  regard  must  be 
hod  to  tolerable  equality  of  temperature  and  pressure,  and  the  effects 
of  cold  or  warm  draughts  of  sir  upon  the  apparatus  whilst  the 
manipulations  are  carried  on.  If  the  operator  is  not  already 
familiar  with  methods  of  gas  analysis,  a  study  of  the  foregoing 
sections  will  be  of  great  assistance  in  manipulating  the  apparatus 
now  to  be  described. 

Simple  Titration  of  Chum. — Many  instances  occur  in  which  an 
absorbable  gas  can  be  passed  through  a  solution  of  known  standard 
in  excess,  and  the  measure  of  the  gas  being  known  either  by 
emptying  an  aspirator  of  water  containing  a  known  volume,  or  by 
the  use  of  a  gas-meter.  The  amount  of  gas  absorbed  may  be  found 
by  titration  of  the  standard  absorbent  residually.  Such  instances 
occur  in  the  exit  gases  of  vitriol  and  chlorine  chambers.  In  the  caw* 
of  vitriol  exits  the  gases  are  drawn  through  a  standard  solution  of 
soda  or  other  alkali  contained  in  Todd's  absorption  tubes  or  some 
similar  arrangement,  to  which  is  attached  a  vessel  containing  a 
known  volume,  say  exactly  •}$  of  a  cubic  foot  of  water.  A  tap  is 
fixed  at  the  bottom  of  this  vessel,  so  that  when  all  is  tightly  fitted 
and  the  tap  partially  opened,  a  small  flow  of  water  is  induced, 
which  draws  the  gases  through  the  absorbent  When  the  aspirator 
is  empty  the  flow  of  gases  ceases,  and  of  course  the  volume  of 
water  so  run  out  represents  that  of  the  gases  passed. 

Another  way  of  measuring  the  gases  is  to  use  an  india-rubber 
vessel,  which  can  be  compressed  by  the  hand,  known  as  a  finger- 
pump.  The  volume  contents  being  known  by  measurement  with 
water  or  air,  the  aspirations  made  by  it  may  be  calculated ;  the 
aspirated  gases  are  then  drawn  slowly  through  the  al>sorbent  liquid. 
In  the  case  of  chlorine  exits  the  gases  are  passed  through  a  solution 
of  potassic  iodide  in  excess,  and  the  amount  of  liberated  iodine 
subsequently  found  by  titration  with  standard  sodic  arsenite.  A 
most  convenient  vessel  is  the  revolving  double  glass  aspirator, 
known  as  Dancer's,  or  Muencke's. 

*  Van  Voorrt,  1885. 
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Tli.-  solutions  used  in  these  east  Derail]   *" 

"1  tin-  result  found  foi 
England  is  given  in  grains  per  cubic  font,  [Border  to 
duply  with  tin'  conditions  of  the  Noxious  Vapours  AH,  which 

Joins  that  .not  more  Limn  4  grains  of  BO8,  o  i  of  CI,  in 

tfl  eal  atmosphei 

Sometimes  a  gas  may  be  ratimatad  by  the  reaction  which  tafcfio 

Jit  in  contact  with  a  chemical  absorbent*  such,  as 

m  formation  of  a  precipitate,  ox  tin-  ohangs  of  colour  which  it 

in  an  indicator.    The  gas  in  this  case  can  be  measured 

a  graduated  aspirator,  the  flow  *>f  which  u  stopped  when  the 

tculiur  reaction  ceases  or  is  manifested 


Normal  Solutions  for  Qaa  Analyaia. —  In  the  titration  of  gases  by 

srticularly  on  tin*  Continent,  the  custom  is  to  nan 

rcial  nonnal  solutions,  1  tc.  of  which  repreeente  1  CO.  of  the 

Mfbable  gas  in  .i  dry  condition,  and  at  7fi0  m.m  pressure  and 

c.  temperature.     These  solutions  must,  not  be  ccaifounded  with 

in!  normal  solutions  need  in  volumetric  analysis  of  liquids  or 

tide.     For  instance, «  aormsJ  gas  solution  fc?  chlorine  would  !»' 

iado  by  dissolving  I  I  site  a  law  grama  "f  sodic 

[carbonate  to  the  liter,  nn-I  a  ronvspondlng  solution  of  iodine 

ing  11*3396  gm.  per  liter,  in  order  thai   1   cc  <»f  either 

tould  correspond  to  1  »•.<-.  of  chlorine  gas,     1  cc,  of  the  same 

solution  would  at  1  «.<-.  of  dry  BO*,  and  n  on, 

A  very  convenient  bottle  for   th*-  titration  of  certain  Buses  b 
[opted  by   Hesse.      It  is  mods   in  a  conical   Conn,   Bke  an 
Irfenmeyer's  Mask,  and  hssa  mark  in  the  short  neck,  down  t<> 
lii.li    ii   exactly  Btted  a  caoutchouc  stopper  having  two  boles, 
a  ill  either  admit  the  spit  of  a  burette  or  pipette,  <>r  may  be 
id  glass  rods.    The  exact  content* of  ili«'  i 
ipper  is  ascertained,  and  a  convenient  sin  is  about  500 
600  clc.     T\  rolume  i*  marked  upon  the  vessel 

hi  tli«  case  of  gases  not  affected  by  water,  the  bottle  ii  fill«-<l  with 
tat  liquid  and  n  portion  displai  '«1  by  the  gas,  and  tit*-  stopper  with 
J  holes  inserted.    If  water  cannot  be  used,  the  gaa  is  drawn 
it<>  Ihf  empty  bottle   by  means  .if  tubes  with  an  elastic,  pump, 
able  contitueot  of  the  gas  is  then  estimated  with  an 
be  standard  solution  run  in  from  ;»  pipette  <>r  hurette. 
firing  this  a  volume  «-f  thi  equal  to  the  rota 

uilnVd,  which  must  of  •■  deducted  from 

■f  tin'  absorbii ,.  The  gas  and  liquid  are  left  ti> 

th  gentle  itil  i  omplete.     The  axi  adard 

►lution  is  then  found  residually  by  another  corresponding  standard 
dution  i  and  En  tl  normal  solutions,  the  difference 

londa  l"  the  volume  of  th«*  ab  lent  of  the 

in  cc :  and  from  this,  and  from  the  total  volume  of  gas  employed, 
ilated  the  percenl  ige,  allowing  f<»i  the  correction  r 
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tioned.  This  arrangement  may  be  used  for  CO*  in  air,  rising  normal 
gas  baric  hydrate  and  a  corresponding  normal  gas  oxalic  acid  with 
phenolphthalein.  The  normal  oxalic  acid  should  contain  5*6314  gnu 
per  liter,  in  order  that  1  cc  may  represent  1  cc.  of  CO*.  The  baryta 
solution  must  correspond,  or  its  relation  thereto  found  by  blank 
experiment  at  the  time.  The  arrangement  is  also  available  for  HC1 
in  gases,  using  a  normal  gas  silver  solution  containing  4*8233  gin. 
Ag  per  liter,  as  absorbent,  with  a  corresponding  solution  of 
thiocyanate  (§  39)  and  ferric  indicator;  or  the  HC1  may  be  absorbed 
by  potash,  then  acidified  with  HNO3, 
and  the  titration  carried  out  by  the 
same  process;  or  again,  an  alkaline 
carbonate  may  be  used,  and  the  titration 
made  with  a  normal  gas  silver  solution 
using  the  chromate  indicator  (§  37, 26). 

E«mp«l'i  Gas  Burette. -This  consists 
of  two  tubes  of  glass  on  feet,  one  of  which 
is  graduated  to  100  cc  in  £  cc  (the 
burette  proper),  and  the  other  plain  (the 
level  tube).  They  are  connected  at  the 
feet  by  an  elastic  tube,  much  in  the 
same  way  as  Lunge's  nitrometer.  The 
arrangement  is  shown  in  fig.  90. 

The  illustration  shows  the  burette  with 
three-way  stop-cock  at  bottom,  which  is 
necessary  in  the  case  of  gases  soluble  in 
water,  or  where  any  of  the  constituents 
are  affected  thereby.  If  this  is  not  the 
case,  a  burette  without  such  stop-cock 
is  substituted  (fig.  91).  The  elastic  tube 
should  not  bo  in  one  piece,  but  con- 
nected in  the  middle  by  a  short  length 
of  gloss  tube  to  admit  of  ready  dis- 
connection. 

Fig.  91  will  illustrate  not  only  the  original  He  nip  el  burette 
with  level  tube,  but  also  the  method  of  connection  with  the  gas 
pipette,  and  also  the  way  in  which  the  clastic  tube  is  joined  by  the 
intervening  glass  tube.* 

Hem  pel,  with  great  ingenuity,  has  devised  special  pipettes  to 
l»e  used  in  connection  with  the  burette,  and  which  render  the 
instrument  very  serviceable  for  general  gas  analysis.     The  pij>ette 

*  The  mum  chemist  has  since  designed  ■  gas  burette  which  h*a  the  advantage  of 
being  unaffected  by  the  fluctuating  temperature  and  pre— are  of  the  atmosphere.  This 
is  effected  by  connecting  the  measuring  apparatus  with  a  space  tree  from  air,  but 
saturated  with  aqueous  vapour.  A  figure  showing  the  arrangement  is  given  in 
C.  N.  lvi.  254.  These  simpler  forms  of  gas  apparatus  in  great  varieto,  includingrarious 
forms  of  the  nitrometer,  are  kept  in  stock  by  Messrs.  Townson  and  Mercer,  89  Biahops- 
gate  Street  Within,  London,  E.G.,  and  probably  by  most  of  the  dealers  in  apparatus  in 
the  kingdom. 
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shown  in  fig.  91  is  known  as  the  simple  absorption  pipette,  and 
serves  for  submitting  the  gas  originally  in  the  burette  to  the  action 
of  some  special  absorbent.  With  a  series  of  these  pipettes  the  gas 
is  submitted  to  the  action  of  special  absorbents,  one  after  another, 
until  the  entire  composition  is  ascertained.  The  connections  must 
in  all  cases  Imj  made  of  best  stout  rubber,  and  bound  with  wire. 


Fig.  91. 

Collection  and  measurement  of  the  Gas  over  Water. — Both  tubes 
are  filled  completely  with  water  (preferably  already  saturated 
mechanically  with  the  gas),  care  being  taken  that  all  air  is  driven 
out  of  the  elastic  tube.  The  clip  is  then  closed  at  the  top  of  the 
burette,  and  the  bulk  of  the  water  poured  out  of  the  level  tube,  the 
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bring  pinched  meanwhDa  with  tfc 

:-i',     The  lattei 
.1  -rn:i|t  glass  lube  with  tli  .  wki 

by  lowering  the  level  tube,  the  j       '        In  and  dii 
from  the  burette  iuUi  the  l^vul  tulw.    Tin 

dag  or  lowering  either  of  the  I,  when 

tin-  volume  of  gas  j  I  off     [1  inconvenient  od 

D  I  alrulatinn. 

Collection  and  measurement  of  the  Gu  without  Water. —  I 
i  ay  tap  burette  (fig.  90)  is  dried  thi 
og  with  alcohol,  then  ether,  and  drawing  air  through  it,    lb 
ray  tap  u  thou  closed,  the  uppei  tube  connected  with  * 
supply,  and  the  burette  tilled  either  by  the  pressure  * *f  the 

I  pump  attach*  i 
thi  i«ii -ntnl  till  the  burette  with  the  gas.     When  full  the  t 
tuned  "M,  ■■  tion  made  with  the  level  tube,  which 

•tilled  with  water,  the  tap 

b  tin-  eolul  As  the 

holds  exactly  100  ce.  betweeu  the  three-waj  tap  and  the  uppt 
;  solubli  gun  is  shown  directly  uti  I 

The  method  of  Absorption. — In   til  f  the  simple 

fig.  !!l,  a  is  filled  with  the  absorbing  Liquid,  which  reai  In  -  into  the 
syphon  bend  of  the  capillary  tube:   the  bulb  h  rem 

In  order  to  till  the  instrument,  the  liquid  is  poured 
and  the  air  racked  out  "f  i  tpillary  tube.    It  is  « onvenienfl 

op  a  number  of  those  pipettes  tilled  with  various 
well  corked,  and  labelled. 

Another  pipi 
is  shown  in   H 
adapted  fo 
stick  phosphorus  u 
instrument  hoe  an  opening  at  the 
ltotboiu,  which  can  he  closed  witl 

SImuc  stopjH'r.   Tin- p 
I  frft  fllfl  *s  M's"  U'MI'  ^"r  "hw-'Hiin^  t '( .)•  U 

,  |[  filling  it  with  plugs  of  win 

i 

to   expose   a   I  i 

when  the  liquid  is  dis] 

the  #ta. 

To    make   an 
capillary  U-tubn  is  eonni  i 
the  burette  containing  the 

i    i  gas  by  the  small  capiL 


u    >■: 


tube  K  (fig.  91),  the  p  U-ing  open,  then 

tlie   level  tube,  tin-  p^is  is  driven  over  into  a,   m 

a  portion  of  the  liquid   into  b.     When  the  whole  nl 
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irredj  the  pinohcoek        J      '.  and  the  absorption  j-i  i 

.  (-  with  the  reagent,  When  the  action  [a  ended, 
Bommuniefttion  with  tin*  burette  i*  restored,  and  the  gsa  syphoned 
back  with  the  level  tube  into  the  burette  to  be  measured. 

The  Compound  Gas  Pipette  shown  in  fig,  03  is  of  great  utility  in 

l>r*\s<'rvni^  absorbents  which  would  be  acted  on  by  tin-  air. snch  for 

Distance  as  alkaline  pyrognllol,  cuprous  chloride,  et      Tin-  hull. 

next  tin-  syphon  tube  i^  filled  with  the  absorbent,  tin  n<  \t  in  empty, 

rd  containa  water,  ami  the  fourth  is  empty.     When  i 

■  I  in,  tin*  intermediate  water  posses  oo  t'»  the  last  bulb 

bo  make  room  for  the  goo,  thne  shnttingoff  all  contact  with  the 

:eept  the  smell  amount  in  the  second  bulb. 

Hydroffen  Pipette.  — The   hydrogen  R8  QXploMonfl 

'    i  roduced  bom  a  hollow  i"<l  <<(  rinc  fixed  over 

1  through  the  rubber  stopper  (fig.  92).  The  bulb 
Hied  with  dilate  acid,  gas  is  generated,  and  as  it  accumulates 
i  into  the  next  bulb  and  the  action  see 

Explosion  Pipette. — Another  arrangement  provides  for  OXpIl 

by  the  introduction  intoathickar  bulb,  raeaeund  volumes  of  the 

jpw,  of  air,  ami  /if  hydrogen     Tin-   bulb  being  shut  off  with 
ark  is  passed  through  wires  sealed  into  the  upper 
n  of  the  bulb. 

Pipette  with  Capillary  Combustion  Tube. — This  simple  urran-r- 

consists  of  a  short  glass  capillary  tube  bent  ol  each  end  in 
right  angle,  into  which  an  asbestos  fibre  bnpregnated  with  Bnafj 
■  li\  Lded  palladium  is  placed,  bo  as  to  allow  of  the  jwissage  of  the  gas.* 
The  £as  being  mixed  with  e  definite  volume  erf  air  in  the  burette, 
ami  the  measure  ascertained  (not  more  than  25  cc,  of  gas  ami  60 
or  70  cc  "f  air),  the  asbestos  tube  is  heated  gently  with  a  small  gas 
i  spirit  lamp,  and  the  pinchcocks  being  opened,  the  mixture 
lowly  passed  through  the  asbestos  and  back  again,  (he  operation 
In-ill-    repeated   so   long   as   any   combustible   %tis   remains.      Kb 

*  To  prepare  palladium  asbestos,  dlaaoWe  about  1  kid.  isUladium  in  04110.  r**i«. 
evaporate  to  dryness  on  water  bath  to  e&pel  aU  acid.  Diasnlro  in  o  very  small  quantity 
«if  wmtcr,  and  add  5  or  G  cc.  of  witnrated  solution  of  aodir  formate,  then  sodic  carbonate 
until  5trom.-lvalka.liii.*.  Introduce  into  the  liquid  about  1  g-m.  *oft,  long-fl  bred  asbestos, 
wui.Oi  should  absorb  the  whole  liquid.  The  fibre  is  then  dried  at  a  gentle  heat,  and 
dually  in  the  water  bath  till  perfoouj  dry  ;  u  is  (heu  soaked  in  a  Utile  warm  water,  put 
into  a  tflaas  funnel,  and  all  adhering  salt*  washed  out  carefully  without  dJaturUag  UM 
{•allodium  deposit.  The  asbestos  oo  prepared  contains  about  50  per  cent.  Pd.  and  in 
a  perfectly  dry  state  Is  capab'e  of  causing  the  combination  of  H  and  O  at  ordinary 
t*a>iHiratiiro,  but  wb«ni  u----!  m  the  capillary  tube  it  is  <r  of  arable  to  usu  heat-as  mentionee. 
The  capillary  combustion  tubes  are  about  1  mm.  bore  and  5  m.m.  outside  diameter, 
wiiu  a  length  of  About  15  cm.    The  fibre  is  pl.t  »  beforo  bending  the  angle* 

aa  follows :— Lay  a  tow  loose  fibres,  about  4  o.m.  long,  side  by  aide  on  smooth  Alter  ]>apcr, 
moisten  with  a  drop  or  two  uf  water,  than  by  lUduv  the  finger  over  them  twist.-d  into 
a  kind  of  thread  about  the  thickness  of  >*aruing  cotton.  The  thrciid  i*  tak<-n  rarefuHy 
>«ith  pincers  and  dropped  into  she  tube  beld  vertically,  then  by  aid  of  water  a^rt  ccntJe 
'"~ig  moved  into  position  in  the  middle  of  the  tube  The  tube  is  then  dried  in  a 
place,  and  Anally  the  ends  bent  at  right  angle  for  a  length  of  :t»  to  4  i-.iu. 
im  asbestos  may  be  (.ropnrcd  in  the  same  way.  using,  however,  only  from  half  to 
the  quantity  of  metal. 
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i-  then 

bunted   i  either  din 

formed  by  the  combustion  with  the  potash  -, 
,   burned,       :  ;        Ethyle 

lene  require  ■  grater  heat  And 
l  liy  tiho  method,  oren  th  >ugfa  mixed  with 
tie  ^iiflcs. 


Pig.  98. 

In  order  to  illustrate  the  working  of   the  whole  Ml 
analysis  of  a  mixture  containing  most  or  all  of  tho  g*sc«  likely  to  be  rot 

in  actual  testing  is  given  from  a  paper 
(J.  8.  C,  /.  iv.  163).     The  mixture  of  gases  consists  of  CO3,  O,  C<  I 

1  II'  II  and  N.  A  sample  of  this  gas— say  100  o.c,— is  collected  and 
measured  in  the  ni  burette.    The  CO*  is  next  absorbed  I 

into   a   pipette   (fig.   Dl)    containing   a   solution  of    1    part    of    KHO    in 

2  parts  of  water.  To  ensure  a  more  rapid  absorption,  the  bulb  shown 
in  fig.  92  containing  the  caustic  potash  may  be  portly  filled  with  pUuB 
of  w&a  gnuze.     The  absorption  of  the  CO*  is  almost  instantaneous.     It  is 

-essary  to  pass  the  gas  into  tho  apparatus  and  syphon  it  back  again 
to  be  measured.    Tho  contraction  produced  gives  directly  the  per 
of  COs,  since  100  c.o.  were  used  at  starting.     Tin 

O,  CO,  H,  CH*.  CH1,  N.    The  oxygen  is  noxt  absorbed.    This  may  bo 
two  ways — by  means   ol    moist  phosphorus  or  by  an  alkaline 
solution  of  pyrogalllo  acid.     The  former  method  is  by  far  the  more  elegant 
tho  two,  but  oot  universally  applicable.    Tho  absorption  is  done  iu  a  pipe! 
(fig.  92),  the  corked  bulb  of  which  is  filled  with  thin  sticks  of  yell 
surrounded  by  water.    The  gas  to  be  tested  is  introduced  in  the  usual  niaunt 
and  by  displacing  the  water  comes  into  contact  witi< 
phosphorus,  which  speedily  absorbs  all  the  oxygen  from  it,     Tl 
proceeds  best  at  about  15 — 20"  C,  and  is  complete  in  ten  minutes.    T 
'jiniiitity  of  P-'O1  formed  by  the  absorption  dissolves  in  the  Mater  present,  and 
thus  the  furfiice  of  the  phosphorus  always  remains  bri 
uooit  nod  accurate  uu-thutl  i-  not  however  universally  applic 
1    itions  under  which  it  can  be  used: — The  oxyj 


rkmpel's  mktiiods  of  gas  analysis. 


brok 


to  than  60  ■  EOS  DflUSt  be  ErM  from  nmmuuiii,  C2H4 

d othtt hydrooarboiu,  vupour  oi  alcohol,  ether  and  aawntia]  oilt.    in  the 

tauec  chose  i:  icthod  would  hence  not  be  applicable, u  the 

a  contains  (^H4;  thareforepjn  '    (nieabeoi 

a  oacriad  out  bo  the  oompound  alb  of  which 

.viih  id  alkaline  solution  of  pyrogallol  made  by  <li- 
pytogaUic 
per  cent,  aolutioi]  i.    The  absorption  i*  ootnpleta  lo  about 

I  minutes,  but  nuv  be  Phi  the  gas 

w  contaius  C?H4,  CO.CH4,  U,  N.and  the  aext  step  i«  to  absorb  the  0*H4  by 
of  fuming  SO*,  the  CH4  being  subsequently  determined  by  explosion. 
In  choosing  the  latter  method  I  i.-ortion.suy  half,  of  tl  ikon  for 

the  estimation  of  hydrogen.  The  absorpl  loo  i  I  t  he  hydrogen  is  based  on  the  fact 
that  palladium  black  is  capable  of  completely  burnii  -  when  mixed 

with  axoaai  of  air,  and  slowly  passed  over  the  DM8a]  at  the  ordinary  hlliy#r 
ture.  About  If  gm.  of  palladium  black  aro  placed  in  n  small  V-tube  plunged 
into  a  small  beaker  of  cold  inter,  and  the  go.*,  mixed  with  an  axoaai  of  air 
•  which,  of  course,  must  be  accurately  measured), ii  passed  slowly  through  the 
tube  two  or  three  times,*  the  tube  at  tho  ti  nth  on 

ordinary  absorption  pipette  filled  with  water  or  else  with  the  KOO  | 

in  this  case,  of  course,  simply  nerves  a*  a  kind  of  receiver.  Finally  tho 
gas  is  syphoned  back  into  the  burette  urnl  measured — two-thinl 
traction  correspond  to  the  amount  of  H  originally  present  in  tho  mixture  of 
gas  and  air.  The  I'll4  is  not  attacked  by  ordinary  3u  per  r.-iit.NO'Nordhniscii 
id  during  tho  absorption  of  tho  CH4.  tho  idd  la  DOtktafaMd  in  an 
rptiou  pipette  (flg.  92),  the  bulb  of  which  is  filled  with  pita 
ken  glass  so  ss  to  offer  a  larger  absorbing  surface  to  the  gsa.  The 
absorption  is  complete  iu  a  few  minutes,  but  the  rcmnining  gas  previous  to 
measuring  should  bo  pawed  into  the  KOH  pipette  and  back  again,  so  as  to 
it  from  fumes  of  SO1.  Residual  gas:  CO,  CH1,  H,  N.  The  OOia  next 
rbed  by  means  of  an  ammoniacal  solution  of  OUprous  chloride  in  a  oom- 
und  absorption  pipette.  The  gas  has  to  be  shaken  with  the  absorbent  for 
ut  three  minutes.  It  must  be  borne  in  mind  that  CuHJP  solution  also 
rb*  oxygen,  and,  according  to  Hctnpc!,  considerable  quantities  of  G^H4, 
iese  gases  must  be  removed  previously.  Residua :  CH\  II,  N.  both 
H4  and  II  may  now  be  estimated  either  by  exploding  with  an  excess  of  air 
in  the  explosion  pipette  and  measuring  (I)  the  0  n  ;>ml  (1) 

the  amount  of  CO-  formed  (by  means  of  the  KOH  pipette) ;  or,  according  to 
empel,  absorb  the  hydrogen  first  of  all  as  described  above— provid.  d  fin- 
tube  be  kept  well  cooled  with  faster,  inasmuch  aa  Unit  at  about  200"  ('.  % 
stare  of  air  and  CH'  I  I  upon  l>y  palladium.     The  | 

,  vapours  of  alcohol,  benzine  and  hydrochloric  acid  also  interfere  with 
absorption  by  palladium. 

Che  palladium  maybe  used  for  many  consecutive  experiments,  but  i 
kept  as  dry  as  possible.    After  it  lias  been  used  for  several  absorptions  it 
y  be  regenerated  by  plunging  the  tube  into  hot  water  and  passing  a 
nt  of  dry  air  through  it. 

g estimated  the  hydrogen,  the  CH'  in  the  remaining  portion  of  the 
to  be  determined.    This  oonsainfl  CH4,  N  and  H,  tibeamoan'  of  the 
ng  known  from  the  previous  experiment.     The  gas  la  mixed  with  the 
requisite  quantity  of  air  ami  hydrogen,  introduced  into  tin*  exploaion  pipette 
\  fired  by  means  of  :i  spark.     The  water  resulting  Irnm  toe  combustion 
denses  In  the  bulb  of  1 1  a  hilst  tho  CO5  formed  is  absorbed  by  the 

OH  solution  preseut.  Hence  the  tot  d  contraction  produced  corresponds  to: 
a.  The  hydrogen  pi  awn  t  in  the  original  gas  +  i  its  vol.  of  O  (the  quantity 
for  complete  combustion). 

i  of  (Lis  tlu-  H  may  bo  burned  in  the  tube  containing  the  [alladium  asbestos 
preriuusly  tlcsmhed. 
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I,  The  known  quantity  of  hydrogen  added  +  i  its  i 

c  The  <  11'  pretent  +  2  vols,  of  O  reqm  ombustioa. 

.'11'        I.'        (CO1    r    8 


Since  a  mid  A  are  known,  »r  uui  1h>  radii  d  frora  the  previous  c 

u„'  (a-ri)  fi 

i  tou  duo  tu  < 'II1  !.  ne-Uiird  of  this  U 

volume  of  CH*  pi  '  >  seen  Prom  the  above 

The  r 

Improvod    arrangement    of  Hempel's    Pipettes    for   storing1   and 
oflintr  absorbent!. — Professor    I'-    P.     Bedsou     li 
arrangement  of   pipettea    which    he    us  with  i 

Dittmar's  measuring  apparatus,  but  which   ran 
uaod  with  other  tonus  ■■:  iratus  by  suit! 

Tho  pipettes  tire  shown  in  fig.  94,  and  their  ;. 
M  follows:— A  capillary  tube  with  a  three-way  oock  A  is  so 

to  the  Herapel   pipette — lbs 
U  uy  i*  drawn  out  and  beat 
ho  as  to  past  into  thi 
trough.      The 

in  connection  wita 
which   is   attached 
mercury  reservoir  I>.     in  i 
ing,  ' 

ksorhent  fills   l 
■  apillan  "I  i  i|     \        By  • 
I)  thi 
are  entirely  filled  \\  it] 

i  se,  is   immersed  in 
lercui  v  trough.      II 
filled  1!  with  mercur; 

■ 
examined   is  hi 
end  of  B  and  so 
into  C  hy  depn  ssing  1>.     The 
tap  i>  then  turned  to  pal 

the    gas    forced    into    K    h\ 
ugh,     l'.\ 
the  gas  can  1«-  brought  into  intimate  contact  with  thi 
and  absorption  thus  |  To  bring  =  <  1  f  tlio  gas  into  I 

again  used  and  the  remainder  ol  ' 

then  by  turning  the   top  round    the  gas   from  ('  can   l>e   I 

p  is  then   turned   bo  as  to  put  th 
K  in  connection,  and  the   _ uh   Hows  into   K  with  u  small   | 
in   capillary   It,  ,    mercury 

beat  limb. 


1 
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The  tfvs  may  be  left  thus  for  some  hours;  ami  to  transfer  it  to 

the  lube,  C  and  Eire  placed  En  connection  by  suitably  taming  the 
Dtp;  than  by  do]  ae  gae  is  drawn  into  C  and  the.  tap 

turned  ao  as  tit  put  < '  and  the  tube  in  ooonoctioa. 

By  can tfully  i  lising  I*  the  metcory  is  washed  out  nf  B 
of  tiic  gas  passes  into  the  tnb&     With  13  clear  of  uiaaoury  and 

lad  v     i         the  tube  and  E  d  in  connection  and  the 

flows  out  of  K  into  the  tube.     Whan  the  liquid  Iran  l 

■  till  tin-  vessel  up  to  the   tap  (the  capillary  of  the  tap 
also  filled),  the  tap  II  tinned  to  put  C  and  Ii  in  connection  ; 
raising  1)  all  gae  is  washed  out  of  C  and  capillar}*  into  the 
i  collection  and  Uauiaf erred  to  the  meanafng  tube, 

ifcssor  Bedson  also  attnob—  to  tha   nwasuring  apparatus  a 
containing  a  known  volume  of  air  at  known  temperatu! 
Bj  as  recommended  l»y  Lunge,  so  as  to  dfrpunae  with  the 
i  rectiona. 

THE    NITKOMETEB. 

instrument  Ins  been  incidentally  alluded  to  in  §  67 
■JiTi  as  being  useful  for  tJ  i       tarnation  of  nitric  arid  in  the 
•  >f   nitric  oxide.     It  was  indeed   for  this  purpose  that  toe 
nfjit  was  originally  contrived,  innrn  inpiniiallj  fill  mmaitaiiiiliu 
the  proportion  of  nitrogen  acids  in  vitriol. 

The  instrument  has  been  found  extremely  useful  alto  for  general 
technical  gas  analysis,  and  for  the  rapid  testing  of  such  sulwtances 
m, in.  !  ,  bleaching  poi 

The  apparatus  in  its  nim  plant  form  is  shows  in  Bg.  B 
msists  of  a  graduated  hi  twin  ring  tribe  fitted  at  the  top  with  a 
joa-waj  ek,  and  a  glass  cup  or  funnel;   the  graduation 

•.tends  bom  the  tup  downwards  to  50  c,c.  usually,  and  is  divided 
ito  T1^  cc.     The  plain  tube,  known  as  the  pressure  or  level  tube, 
about  the  same  size  as  the  burette,  and  is  connected  with  the 
bj  means  --f  BtOUt  elastic  tubing  hound  securely  with   wire. 

ith  tabes  an  held  in  clamps  on  a  stand,  and  it  is  advisable  to  fix 
ti  buretti    itself  into  a  strong  spring  ckmp,  so  that  it  may  he 

1  ami  replaced  quickly. 
One  great  advantage  over  many  other  kinds  of  technical  gas 

>paratiiM  which  pertains  to  this  instrument  is,  that  it  is  adapted 
■r  the  use  of  mercury,  thus  insuring  more  accurate  measurements, 
id  enabling  gases  soluble  in  water,  etc.,  to  bo  examined. 

ber  form  of  the  same  instrument  is  designed  by  Lunge 
the  estimation   <.f    the  nitric  acid   in  saltpetre   and    oit&mj 

when-  ii  larger  vol a  "f  nitsie  oxide  is  dealt  with  than 

In  this  instrument  a  bulb  ii  blown 
low  the  tap,  and  the  v<-l  :   this 

alb  being  found  Qtenosbegms  on  the 

a  here  tin    bu]  I 
te   levtd  tuna  also  haw  a  bulb  at  bottom  to  contain  the  mercury 

M     M 


metric  analysis. 


ormof  nitra 


ed  from  tin-  hi  i 

will  Ik-  foO&d  furtlir 

Tim   fallowing  description  of   the 

manipulation  rOQAUTed   foZ  the   i->t.iin;i. 

tioo  of  nitrogen  acids  in  vitriol  applies 
to  the  ordinary  nitmni<-t«r.  and  applies 
equally  t"  Liu-  estimation  of   i 

in  water  i«-<iilii"s  ami  tin*  like  (set* 
page  248) ; — 

Tho  burette  a  ts  filled  with  tner< 
fii>-li.lU!iiitily  that,  on  raising  l  and  keeping 
tho  Up  open  to  tiiu  burette,  the 
stand*  quite  in  the  tap  hole,  aud  about  two 
inches  up  tho  tube  b.  Tho  Lap  is  now  closed 
completely*  and  from  0"5  to  5  c.c. 
nitrous  vitriol  (according  to  strength)  poured 
into  tho  cup.    b  is  then  lowered  and  tho  tap 
lautinudy  opened  to  tho  burette,  and  shut 
quickly  when  all  tho  acid  except  a  mere 
drop   has   run    in,  carefully   avoiding  the 
paasage  of  any  air.     3  e.c.  of  str<>- 
IPSO*  are  then  placed  in  the  cup  and  drawn 
in  as  before,  thou  a  further  2  or  B 
acid  to  rinse  all  trices  of  the  sample  out  of 
the  cup.     a  is  then  taken  out  of  it* 
and  the  evnlul  inn  of  gas  started  by  inclining 
it  several  times  almost  toa  horizontal  position 
and  noVkmlv  righting  it  again,  so  that  the 
iiiurviirv  mid  iota  ure  well  mixed  aud  shaken 
for  a  minute  or  two,  until  no  further  gu  is 
evolved.     The  tubes  are  so  placed  that  the 
mercury  in  b  is  as  much  higher  than  that  in 
a  as  is  required  to  balance  the  acid  in  a; 
this  takes  about  one  measure  of  mercury  for 
6'5  measures  of  acid.    When  the  gu  has 
assumed  the  temperature  of  the  MM 
ull  froth  subsided,  the  volume  i^  read  off, 
and  also  the  temperature  and  pressure  from 
■  thermometer  and  barometer  near  the  place 

tarn.     Tho  level  should  he: 
by  opening  tho  tap,  when  the  mercury  level 
ought  not  to  change.     If  it  rises,  too  much 
pressure  has  been  given,  and  the  reading 
must  bo  increased  a  trifle.     If  it  sinks,  tho 
reverse.    A  good  plan  is  to  put  alltl 
into  the  cup  before  opening  the  tap:  this 
will  be  drawn  in  if  pressure  is  too  low,  or 
blown  up  if  too  high.    These  indications  will  serve  for  a  oorrect  r< , 
of  the  experiment. 

To  empty  the  apparatus  ready  For  another  trial,  lower  a  and  open  I 
then  raise  b  so  as  to  force  both  gas  and  arid  into 

then  outwards,  the  bulk  of  the  acid  can  be  collected  in  a  beaker,  the  last 
drops  being  wiped  out  with  blotting-paper.     It  is  hardly  necessary  to  say  that 
be  thoroughly  tight,  and  kept  so  by  tho  use  of  a  little  vaseline* 
taking  can  that  none  gets  into  the  bore-hole. 

The  calculations  6  r  nitrogen  are  given  on  page  243, 


Fig.  85. 


mo. 
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■  W'l'-nt  that  the  oitrometM  i  on  be  m  ide  t>.  replace  Bempel's 
burette  if  bo  required,  by  attaching  tj«  the  side  opening  ol  the  tnree- 
woy  Up  the  yarioua  pipettee  previously  di  Her  pipettea 

«-f  the  seme  kind  bo  be  used  with  mercury,  as  described  by  Lunge 
eJtfe,  xi\.  14,  92). 
The  instrument  may  also  be  totj  well  employed  fur  ooUecting, 
i  ring,  and  analyzing  the  Eisaalved  in  water  or  other 

liquids.     An  illustration  "f  this  method  is  given  by  Lungi 
Sohmidt(Z'.  a.  C  xxv.  309)  in  the  examination  of  a  -ample  of 
water  from  Hit-  hot  spring  at  Leuk  in  Switzerland. 


n*  w. 


The  ■  "f  the  dissolved  gases  woe  made  in  tin-  nitio- 

>l  01  shown  in  figB.  '.'(i  iuid  97 : — 

The  Bufe  A  i*  completely  oiled  with  the  waters  :in  todktfwhbar  plug  with 

:.  oapiDary  tube  («)  passing  through  it.  i-  thea  inserted  in  the  Husk, 

tabs  i"-  thereby  completely  filled  with  water.    The  whole  is  theu  weighed, 

and  the  difference  between  this  and  the  weight  of  the  empty  flask  sod  tube 

gives  the  amount  of  water  taken.     The  end  of  the  capillar*-  tube  Is  then 

be  of  tin'  nitrometer  by  the  tube  b,    *Fhe  nitrometer 

iathan  completely  filled  with  mercury,  and  wm  ■  Otoflaak 

*  of  the  nitrometer  art*  quia]  ©,  with- 

i  Lai  ii"ii  <»r  the  slightest  to*  s  ol  sir.    The  water  in  the  flask  is 

lowly  heated  to  boiling.     Some  water  ss  well  Ol  the  dissolved  g&ees 

in  the  measuring  tube  of  the  nitrometer.     The  lube  N  ol  the  mtro- 

i  be  lowered  in  order  that  the  boiling  may  lake  plaee  under 

After  boiling  f^r  five  lo  ten  minutes,  the  -'••'■-eock  i» 

m    m   2 
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quickly  turned  through  180s,  so  that  the  flwk  is  placed  in  combination  with 
tae  cup  B  containing  mercury,  and  the  flame  removed.  Since  the  mercury 
stands  lower  in  N  than  in  M,  it  is  not  possible  for  any  loss  of  gas  to  take 
place  at  the  moment  of  turning  the  tap.  It  is  also  impossible*  for  any  gas  or 
steam  to  escape  through  the  mercury  cup,  since  the  pressure  is  inward.  A 
small  bubble  of  gas  always  remains  under  the  stopper ;  this  is  brought  into  M 


Fig.  99. 


Fig.  98. 


Fig.  100. 


by  lowering  the  tube  N  as  much  as  possible,  and  then  turning  the  stop-cock 
so  that  the  flask  and  measuring  tube  are  again  placed  in  connection,  and  when 
the  bubble  has  passed  over,  quickly  reversing  the  tap  again. 

When  tho  whole  of  the  gas  is  collected  in  the  nitrometer,  it  is  connected 
with  a  second  instrument  O  P,  quite  full  of  mercury.     "Hie  gas  is  then 
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transferred  by  placing  the  tap  in  noa  |  [Munition  that  it  is  closed  in  nil 
•lions  and  the  lube  M  u  heated  by  pasring  steam  through  the  tube  R. 
Ih-ii  it  ii  quite  hot  the  tub*.-  W  b  lowered,  causing  the  water  in  M  to  boil, 
crier  fa)  BKptl  every  trace  of  dissolved  put.  The  taps  nre  then  jiIh 
n  and  the  gas  passes  over.  It  can  thou  be  cooled,  moasu n 
1  to  analysis.  Two  experiments  gave  505  gin.  inter  taken,  gas 
)lved  60G  c.c.,=  l0'02  per  1000  gm. ;  502  gm.  water  taken,  gas  evolved 
«9*Sl  par  1000  Km. 


Pi 
Hi. 


ss  Improved  Nitrometer  for  the  Oa  a- Volumetric  Analyses 
mganate,    Chloride   of    Lime,    SCanganeae    Peroxide,    etc. 

Lunge  in  dew  ribing  this  UKrtrameat  (J.  C.  &  /.  ix  SI) 

In  a  paj>er  published  in  the  ChemUche  Industrie,  1886,  1G1, 1  described 
ijstd  uses  to  irhioh  the  nitrometer  can  be  put  as  ou  apparatus  for 
gas  analysis  proper,  as  an  absnrptiomcter,  and  especially  for  gas-volt  i 
analyses.  To  fit  it  for  the  last-mentioned  object,  I  added  to  it  a  flask, 
provided  with  an  inner  tube  fused  on  to  its  bottom,  and  suspended  from 
the  side  tube  of  the  nitrometer,  as  shown  in  fig.  98,  which  at  the  same 
time  exhibits  the  Ureiucr  and  Friedrich's  patent  tap.  This  Bbam 
how  any  ordinary  nitrometer,  RMJh  as  are  now  found  in  moat  ehemical 
laboratories,  can  be  applied  to  the  before-mentioned  uses.  Where,  however, 
the  methods  concerned  are  to  be  employed  not  merely  occasionally,  but 
regularly,  it  will  lie  preferable  to  get  a  nitrometer  specially  adapted  to  this 
use,  of  which  fit's.  99  and  100  show'  various  forma.  They  have  no  cup  :u  the 
which  U  quite  unnecessary  for  this  purpose,  but  merely  a  short  outlet 
for  air.  rte.  99  shows  n  instrument  provided  with  one  of  the  new 
tent  tans,  wtuob  ate  oartalnly  very  handy,  and  muse  a  much  smaller 
mber  of  spoiled  testa  than  the  ordinary  three-way  tap,  as  shown  in  fig.  100, 
ich  at  the  same  time  exhibits  the  form  of  nitrometer  intended  for  large 
utitio  of  gas,  the  upper  pert  being  widened  iuto  a  bulb,  below  which  the 
nation  begins  with  either  60  or  100  ex.,  ending  at  100  or  140  &C. 
respectively.  There  are  also  various  shapes  of  flasks  shown  in  these 
iiiMnimenK  but  it  is  unnecessary  to  say  that  these,  as  well  as  thfl  baft 
arrangements,  can  be  applied  to  any  other  form  of  the  instrument.  The 
ten  used  for  gas-volumetric  analyses  are  best  graduated  in  moll 
nner  that  ihe  zero  jaunt  is  about  a  centimeter  below  the  tap,  whilst 
iiwry  nitrometers  have  their  zero  point  at  the  tap  itself.  I  will  say  at 
that  for  Til1  one  of  oxygen  in  permanganate,  bleach  or  manganese 

pages  108, 153),#  it  is  quite  unnecessary  to  employ  mercury  for  filling  the 
ente,  since  identical  results  are  obtained  with  ordinary  tap  water; 
t    it  i*  decidedly  advisable  to  place  this  instrument,  like  any  ordinary 
i.<r  or  ntttf  other  apparatus  in  which  gases  are  to  be  measured,  in 
m  where  there  nre  is  few  changes  of  lctii]ieniture  by  cold  draughts  or 
burners  and  so  forth  as  possible, 
"  It   mny  lie  us  well  to  gtre  here  a  general  description  of  the  mode  of 
nre    for   manipulating  gas-volumeim'  inalysifl  with    the    nitrometer, 
DAOa  to  all  analyses  acoording  to  this  method.    Pill  the  nitrometer  with 
tcr  or  mercury  by  raising  the  levol  tube  till  the  level  of  the  liquid  in  the 
1  tulw  is  at  zero  (in  the  COM  of  in*trumeiits  hearing  the  xcro-mark 
a  little  below  the  tap,  as  in  figs.  99  and  100),  or  at  1*0  <m\  (in  the  case  of 
ordinary  nitrometers,  beginning  their  graduation  at  the  tap  itself).     It  is 
to  say  that  in  the  tatter  case  all  readings  must  be  diminished  by 
laws  tap.     Put  the  substance  to  bo  tested  into  the  outer 
space  of  the  flask,  together  with  any  other  reagent  apart  from  the  Ii':0-*(iu  the 


■  An  error  occurs  thure  in  <lw«-ril-inir  tin'  a|<j*r*U«  u  the  new  gMToluraeUjr,  wbrrwm 
it  nhonlil  have  been  fh>  Improved  nitrometer. 
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cue  of  bleaching-powder  nothing  but  the  bleach  liquor,  in  that  of  perman- 
ganate the  30  c.c.  of  sulphuric  acid,  etc.).  Now  put  the  HK)8  into  the  inner 
tube  of  the  flask,  after  having,  in  the  case  of  testing  for  chlorine,  made  it 
alkaline  in  the  previously  described  way.  Put  the  india-rubber  cork,  still 
hanging  from  the  tap,  on  to  the  flask,  without  warming  the  latter  as  above 
described.  As  this  produces  a  compression  of  the  air  within  the  flask, 
remove  this  by  taking  out  the  key  of  the  tap  in  figs.  98  or  99,  or,  in  fig.  100, 
turning  it  for  a  moment  so  as  to  communicate  with  the  short  outlet  tube. 
Now  turn  the  tap  back,  mix  the  liquids  by  inclining  the  flask,  shake  up  and 
allow  the  action  to  proceed.  As  the  gas  passes  over  into  the  graduated  tube, 
lower  the  level  tube,  so  as  to  produce  no  undue  pressure ;  at  last  bring  the 
liquid  in  both  tubes  to  an  exact  level  and  read  off. 

"  In  the  case  of  bleach  analysis  ail  the  oxygen  of  the  chloride  of  lime  is 
given  off,  together  with  exactly  as  much  oxygen  of  the  H*0*.  The  total  is 
just  equal  to  the  volume  of  chlorine  gas  which  would  be  given  off  by  the 
chloride  of  lime,  and  thus  immediately  represents  the  French  or  Gay-Luasae 
chlorometrio  degrees,  of  course  after  reducing  the  volume  to  0°  and  760  nun. 
pressure.  (The  reading  of  the  barometer  must  be  corrected  by  deducting 
the  tension  of  aqueous  vapour  for  the  temperature  observed  as  well  as  the 
expansion  of  mercury,  according  to  the  tables  found  everywhere).  These 
reductions  can  be  easily  performed  by  the  tables  contained  in  the  "  Alkali- 
Makers'  Pocket-book  "  (pages  28  to  39),  which  I  had  calculated  a  number  of 
years  ago,  just  in  order  to  facilitate  the  use  of  the  nitrometer." 

Lunge's  Oasvolumeter  is  an  apparatus  for  dispensing  with 
reduction  calculations  in  measuring  gas  volumes  (described  by 
Professor  Lunge  in  Zeifahrift  f.  angexc.  Cfiem.  1890,  139 — 144, 
and  here  quoted  from  /,  S.  O.  I.  ix.  647). 

In  technical  gas  analysis  a  considerable  amount  of  time  is  taken 
tip  by  calculations  for  reducing  gas  volumes  to  standard  temperature 
and  pressure.  In  pure  gas  analysis  the  inconvenience  is  not  so 
great ;  for  technical  purposes  the  initial  and  end  temperature  and 
pressure  may  he  taken  as  the  same,  owing  to  the  short  duration  of 
the  experiment,  and  for  more  accurate  purposes  "compensators" 
liavc  been  devised.  Whore,  however,  the  gas  to  be  measured  is 
evolved  from  a  weighed  quantity  of  a  liquid  or  solid  (so  that 
volume  and  weight  have  finally  to  be  connected)  the  matter  is 
different,  and  readings  of  thermometer  and  barometer  have  to  he 
made,  and  then  the  necessary  calculations  are  to  be  gone  through. 
Tables  of  reduction  have  certainly  been  compiled  for  reduction  of 
gases  at  various  temperatures  and  pressures,  but  still  readings  of 
thermometer  and  barometer  have  to  be  made,  and  part  of  the  time 
only  is  saved.  To  further  reduce  the  time  occupied  and  to  render 
the  technical  chemist  in  this  department  to  a  great  extent 
independent  of  temperature  and  atmospheric  pressure  the  present 
apparatus  has  been  constructed. 

By  means  of  a  T-tuhe,  D  (fig.  101),  and  thick-walled  rubber  tubing, 
are  connected  the  three  tubes  A,  B,  C.  A  is  for  measuring  the  gas;  it 
may  bo  any  form  of  nitrometer,  a  Bunto's  burette  or  other  convenient 
burette.  B  is  the  "  reduction  tube,"  which  has  at  its  upper  end  a  spherical 
or  cylindrical  bulb.  The  volume  to  the  first  mark  is  100  c.c,  the  remaining 
narrow  portion  of  the  tube  being  calibrated  up  to  130 — 140  c.c.  in  divisions 
representing  lj\  c.c.    This  "reduction  tube"  is  set  once  for  all  at  the 


ing  of  work  by  observm  Deter  and  barometer,  calculating  tho 

luiiif  which  100  c.c.  of  perfectly  dry  iir,  measured  at  0'  ('.  and  7«J0  m.iu., 
rould  occupy  under  the.  existing  conditions.    This  quantity  of  air 

ed,  mid  the  tube  mean*  of  tho  ik^oooi  shown,  or  by 

ting  up  the  inlet  (taring  in  place  of  the  inlet  tube  shown  in  the  figim* 

of  capillary  bore).     If  it  be  necessary  to  measure  the  gas  mt&rt  ■  nop 

introdnoed  into  this  tube,  and  of  course  in  tho  calculation 

Afl  bum  ust  he  rod  need  by  the  vapour  tension  or 

;  if  ill*'  gaaes.  ore  bo  be  nrmnnri  My  dry  (as,  for  instance,  when 

meter  with  sulphuric  acid),  a  drop  of  BarplmnQ  arid  take 

:  Uo  water. 

is  tho  pressure  or  levelling  tube. 

vciry    for    the    purpose    of 
lining  the  temperature  A  and  13 
i  led  with  iv .iter- jackets. 
B,  and  0  aro  Rrpportad  by  spring 
[%$a  cusilv  seen  that  when  by 
of  the  mercury  in 
tt    forced   up  to  the  murk 
>,  exactly  the  amount  of  proa 
Dm  will  oomprav  I 
it-    volume    under   standard 
ooodil 

In  taking  &  reading  A  and  II  must  be 

relied  and  tho  mercury  level  in  B  must 

□   brought  up  to  100.     The 

I   ili. -M  the  volume 

luced  to  standard  temperature  and 

In  oaaen  whore  the  gas  is 

•rated  in  A  itself,  <>r  wh«N  the  OM 
unsferred   to  A,  this  is  all 
be  done.     If,  however,  the  gas  is 

•iMTTilo 

fig.  lul.  A  and   C  must  first  be 
k  of  A  th>n 
so  that  tho  gaa  in  A  is  collected 
pressure.     After  this 
may  be  effected  as  already 
riaincd. 

1 1  i  trogen     determinations     by 
mas'  method,  A  contains  oaustic 

as   well   a*    mercury:    tin 
ipeumtcu  by  baring  on  the  n 
tube,  B,  a   mark  at  a   (tiattBee 
low  the  100  mark  equal  t"  one 
the  height  of  the   caustic   potash 
lutun  (sp.  gr.  of  the  caustic  potash 

one-tenth  sp.  gr.  ol  miry)  j 

icii  taki  i  up  the  mercury  in 

e  at  loo,  ana  that  in  A 

.  M  with  this  new  tower  mark 

It.    Similar  ■llowance  may  be  made 

nitromctric  determinations  but  tho 

lore  diflicult,  owing  to 

the  quality  and  »pecifin 

ivitv  of  the  sulphurie  acid  used,     ll 

baas  to  liberate  the  gas  in  a  separate  vessel  and  transfer 

ily   to   the  burette  for  reduction  and   measurement.      Fi-_r    101 

»w»  a  convenient  form  of  apparatus.    Of  course  the  working  part  V.   V 
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need  not  be  graduated.  Before  beginning  the  operation  the  mercurj  k 
made  to  fill  £  with  the  aide  tube  a,  which  aide  tube  is  then  capped  with 
a  caoutchouc  stopper  to  prevent  escape  of  the  mercury  during  subsequent 
shaking.  A,  with  its  side  tube  e,  is  also  completely  filled  with  mercurj. 
The  substance  under  examination,  and  subsequently  the  acid,  are  added 
through  C  as  usual  To  transfer  the  gas  from  E  to  A,  the  cap  o  is  removed 
and  a  is  fitted  to  «  by  means  of  the  rubber  connection  d.  P  is  then  raised 
and  0  lowered,  the  taps  are  carefully  opened,  and  transference  effected  until 
the  acid  in  £  just  fills  e. 


Fig.  102. 

A  further  saving  of  time  may  be  effected  in  works,  where  the 
instrument  is  to  be  used  for  always  one  and  the  same  object,  by 
marking  on  the  gas  burette  or  nitrometer  the  weight  in  milligrams 
corresponding  to  certain  volumes ;  this  may  bo  done  cither  instead 
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of  or  alongside  the  cc  divisions ;  or  by  using  a  fixed  quantify  of 
substance,  percentages  may  be  marked  off  directly.  For  nitrogen 
determinations  by  Dumas'  method  1  ex.  of  nitrogen  under  normal 
conditions  weighs  1*254  m.gm.  In  the  case  of  azotometric  deter- 
minations of  ammoniacal  nitrogen  (by  sodic  hypobromite)  the 
graduations  may  be  made  to  represent  ammonia.  Correction  must 
be  made  in  graduating,  however,  for  the  incompleteness  of  the 
reaction.  Tables  giving  the  corrections  have  been  introduced,  but 
the  author  has  shown  (Cliem.  Ind.  1885,  165)  that  these  may  be 
dispensed  with,  and  that  it  is  sufficient  to  make  a  correction  of  2*5 
per  cent     For  urea,  however,  the  correction  is  9  per  cent 

The   following  table  shows   substances  for  which   gasometric 
methods  are  used : — 


Buli  to  which 

Method 
Employed. 

Oas 

Evolved. 

N 

Ice.  of  Gee 

Substance. 

Percentage*  are 
Calculated. 

=nugm.  of  Basil, 
(CoLIL) 

Organic  substances 

Nitrogen 

Dumas* 

1-254 

Ammonia  salts   ... 

i* 

Hypobrmte. 

N 

1*285* 

j»            s) 

Ammonia 

if 

N 

1-581* 

Urea 

Carbon  dioxide 

■     M 

Decomposed 
withHCl 

N 

CO5 

2952* 
1-966 

Bone-charcoal,  etc. 

**           a 

Calcic  carbonate 

»» 

CO5 

4*468 

Pyrolusite  

Manganese  dioxide 
Chlorine 

ByH'O8 
>i 

0 

3882 

Bleaching  powder 

0 

1*5835 

Potassio    perman- 

Oxygen 

» 

0 

0*716 

Chili  saltpetre    ... 

Sodic  nitrate 

Nitrometer 

NO 

3805 

Nitrous  bodies    .. 

N"0» 

» 

NO 

1-701 

»•            » 

HNO3 

»» 

NO 

2-820 

M                        M 

Nitric  acid  36°  B. 

it 

NO 

5*330 

»                        W 

Sodic  nitrate 

» 

NO 

3805 

Nitroglycerol,  dy- 

Trinitroglycerol 

n 

NO 

3*887 

»            » 

Nitrogen 

» 

NO 

0*6267 

Nitrocellulose,  py- 

» 

>* 

NO 

0*6267 

The  corrections  above  referred  to  have  here  already  been  made. 
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TABLE  for  Correction  of  Volumes  of  Oases  for  Temperature, 
according  to  the  Formula  V*=  7^  a*  So 


1  +  9  t  from  0n  to  30*     *  =  0-003665 

• 

1  +3f 

I*g.(l  +  *t> 

i    |   l  +  *i 

Lor  (1  +  d  r> 

I 

1  +  8* 

Lor  (1+ to 

1-0000000 

u-ooo  0000 

■ 
5  0 

10 183250 

0*007  &&64 

ib-o 

1*0360500 

0-01  a  6321 

*1 

1*0003665 

1591 

1 

10186915 

0*008  0427 

*l 

10370165 

7857 

-2 

1-0007330 

3182 

2 

1OL90580 

1989 

■2 

l '0373830 

9391 

■3 

1-0010995 

4772 

310104245 

4551 

3 

10377495 

0*016  093S 

•4 

1  "0014060 

£362 

■*1  -0197910 

&U2 

'4 

1-0381160 

245& 

0-5 

1-0018325 

7051 

55,1'020157& 

6672 

10-5 

1*0384325 

3992 

■6 

1  w  :J  !■'■', 

9540 

'6 

1G20524O 

8232 

■6 

1 -0388490- 

5524 

*7 

]  'OO25057> 

0001 

U2S 

'7 

10208005 

9791 

7 

1-0392165 

7056 

■s 

1*0029320 

2715 

'& 

1-0212570 

0009  1350 

■8 

10395820 

8S8S 

■9 

1*0032985 

4302 

&-9 

1-0216235 

2900 

10'9 

1*0399485  0'017  0118 

1040315$  0*017  1648 
10400815             3178 
1*0410480"             4708 

1*0 

V0030650 

o-oot 

5888 

60 

1-0219900 

0009  4466 

m 

*1 

1-0010315 

7473 

1 

L0223565 

0024 

-l 

*q 

10O439H0 

'►058 

'2^1*0227230 

7580 

•2 

■a 

l'l.K>t7<^o 

0-002  Of 

3 

i-^:iw,<:» 

9136 

3 

10414145,            £236 

'4 

1-0UM3H 

2227 

*4 

1-0231560 

0-010  0692 

■4 

l'OilTBlOj            71U 

1-5 

1-00541*75 

3810 

(E-5 

I'0238225 

2247 

11-: 

1 '0421475^             0292 

■6 

r0038G40 

5303 

"6 

1/024 1890 

3601 

-e 

1*0425140-0018  0819 

7 

1-0062305 

6974 

'7 

1*0245555 

5355 

7 

L04288O51            2346 

■s 

1-0065070 

s.v.i ; 

■8 

10240220 

6903 

'8 

1  ■04334701             3871 
1043613S            5397 

1 -0439800]  0-018  6922 

1-9 

1-006D635 

0-003  0137 

6*9 

:-ul:;.-ss- 

8461 

it-: 

2*0 

1-OO73300 

0-003 

171*i 

7-0 

1*0256550 

0-011  0013 

120 

■I 

10070905 

321:* 

*l!  1*0200215 

1565 

■1 

1-04434G5-'             8446 

't 

l*00«O63O 

4877 

2  1-O263SS0 

3116 

1 

L-044713CM            9970 

■3 

10084295 

6455 

*3 1*0267545 

4666 

'3 

10450705  0019  1493 
10454460             301 U 

■4 

rou&7ooo 

8033 

^L-0271210 

6216 

"4 

2-gIiWUL*2o 

SHI  11 

7'5 

1*0274875 

7765 

12'5 
■ti 

1*0468125              453S 

"01 -0095290 

0'004 

1188 

■ti 

1-0278540 
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TABLE  for  Correction  of  Volumes  of  Qaaom   coaHmud. 
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Pressure  of  Aqueous  Vapour  in  Millimeters  of  Mercury, 
from  -  0-8°  to  +  85°  C. 
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Absorption  apparatus,  Mohr's,  US 

Alkalimotric    methods,  extension    of, 

A Vworption  apparatus,  F r e?  e  n  i  u  a ',  11 7 

102 

Absorption  equivalents  shown  by  oil* 

Alkalimetry,  30 

and  fats  for  bromine,  212 

Alkalimetry,  Gay  Lussac's,  30 

Acetates,  alkaline  and  earthy,  titration 

Alkaline  carbonates,  titration  of,  50 

of  as 

Alkaline  compounds,  commercial,  59 
Alkaline  eartus,  indirect  estimation  of, 

Acetate  of  lime,  analysis  of,  S3 
Acetates,  metallic,  S3 

125 

Aoidimctry,  80 

Alkaline  earths,  titration  of,  05 

Acidimetry,  delicate  end-reaction  for, 

Alkaline    earths,   titration    of    mixed 

81 

hydrates  and  carbonates,  15 
Alkaline  tartrate  solution,  for  sugar 

Acid,  acetic,  titration  of,  82 

monk,  titration  of,  87 

estimation,  205 

Acid,  carbolic,  titration  of,  843 

Alkaline  permanganate,  for  water  ana- 

1.  carbonie,  estimation  of ,  91 

lysis,  437 

Acid,  chromic,  titration  of  iron  with, 

ino  salts,  titration  of,  50 

111 

Alkaline  silicates,  titration  of,  63 

Acid,  citn  . ,     . 

Alkaline  sulphides,  titration  of,  59,  60 

i  !  liquors,  tartaric 

Alloys  of  silver,  assay  of,  235 

Acid,  nitric,  pun  for  titnitions,  123 

Alumina,  estimation  of,  204 

Alumina  in  caustic  soda,  etc.,  estima- 

Acid. oxftUo.  titration  of,  86 

Acid,  phosphoric,  titnitiou  of,  86 

tion  of,  205 

'inn  of,  3Io" 

Aluuiinic  sulphates,  estimation  of  free 
acid  in,  205 

Acid,  tartaric,  titration  of,  88 

■-^timation  of,  368 

Ammonia,  albumenoid  process,  442 

Acids,  eottbuied  in  neutral  Halt1*, 

Ammonia,  combined,  estimation  of,  68 

: 

Ammonia,  estimation  of,  68 

Acids,  titration  u 

Ammonia,  indirect  titration  of,  7'* 

Acids,  titnitiou  of  by  iodine  and  thio- 

Ammonia  in  urine,  estimation  of,  '■■. 

A.'i                       1  water,  preparation  of, 

Ammonia  in  water,  estimation  of,  382 

Ammonia,  semi-normal,  44 

Ammonia,    sulphate    of,     estimation. 

Air  and  earHonic  anhydride  gas,  analy- 

71,75 

sis  of, 

Ammonia,  technical  estimation  of,  71 

Air,  carbonic  acid  in,  titration  of,  95 

Ammoniacal  liquor,  table  showing  the 
amount    of    sulphate     obtainable 

Air,  estimation  of  osygw  in,  469 

oxamination  of   i>y  Baldanc  and 

from,  7.r> 

Pombrcy 'a  method, 

Amnionic    molybdato.   standard,   282, 

Air                       iof  by  AngnsSmith's 
minim-lrie  method,  96 

m 

Ammonio-euprie  solution,  normal,  45 

Air.  expired,  examination  of,  95 

Analyses,  saturation,  iW 

Albumen  in  urine,  estimation  of,  372 

Annlytis  by  oxidation  or  reduction,  tQS 

Albuminoid  ammonia  process,  -1 L3 

Analysis  by  precipitation,  123 

Alkalies,  caustic  ami  carbonated,  titra- 

Analysis, factors  for  calculation,  lit! 

tion 

Analysis,  gas,  simple  methods  of,  470 

Alkalies  caustic,  titration  of,  by  potos- 

Analysis  of  substances  by  distillation 
with  hydrochloric  acid,  1 17 

sic  bichmmab 

Alkalies,  indirect  estimation  of,  325 

Analysis,  volumetric  and  gravimetric, 
distinction  between,  2 

Alkalies    in     presonco    of     sulphites. 

Hon  of,  fi  1 

ysia,  volumetric  and  gravimetric , 
fundamental  distinction  between.  2 

Alknii                  ouster'*,  'j 
Alkaliuo  b                   ion  of  rariom  me- 

Aualysis,   volumetric,    general    priii- 

tallic  salts,  101 

J           ciplos,  1 
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Analysis,  volumetric,  methods  of  classi- 
fication, 8 
Analysts,  volumetric,  systematic,  23, 

Analysis,  volumetric,  without  burettes,  6 
Analysis,  volumetric,  without  weights,  6 
Analysis,  water,  reagents  for,  874 
Antimony,  estimation  of,  as  sulphide, 
136 

Antimony,  estimation  of,  by  bichro- 
mate, 136 

Antimony,  estimation   of,  by  iodine, 
134 

Antimony,  estimation  of,  by  perman- 
ganate, 135 

Antimony  in  presence  of  tin,  estimation 
of,  134 

Antimony,  titration  of,  by  stannous 
chloride,  165 

Apparatus,    absorption,  Fresenius', 
117 

Apparatus,  absorption,  Mohr's,  118 

Apparatus,    Bischof's,   for  evapora- 
tion, 386 

Apparatus     for     iodine     distillation, 
Stortenbeker's,  180 

Apparatus  for  chlorine  distillation,  117. 
118, 180 

Apparatus  for  CO8,  Scheibler's,  98 

Apparatus  for  gas  analysis  (Bunsen's 
method).  452—466 

Argol,  titration  of,  00 

Arseniates,  estimation  of,  by  iodine, 
137 

Arseniates,  estimation  of.  by  silvert  189 

Arseniates,  estimation  of,  by  uranium, 
138 

Arsenic  acid,  titration  of,  87,  137 

Arsenic,  estimation  of,  by  bichromate, 
138 

Arsenic,  estimation  of,  by  distillation, 
138 

Arsenic,  estimation  of,  by  iodine,  186 

Arsenic,  estimation  of,  by  silver,  139 

Arsenic,  estimation  of,  by  uranium,  138 

Arsenical  ores,  analysis  of,  139 

Arsenious  acid  and  iodine  analyses,  121 

Asbestos,  palladium,  476 

Ash,  black,  titration  of,  60 

Aspirator  for  gases,  471 


Balance,  tho,  5 

Baric  chloride,  preparation  of  normal, 
310 

Barium  in  neutral  salts,  66 

Barium,  estimation  of,  as  chromate,  141 

Barium,  titration  of,  by  permanganate, 
141 

Baryta  solution  for  removing  phos- 
phates and  sulphates  from  urine, 
356 

Baryta  solution,  standard,  44 

Base,  Millon's,  use  of,  44 

Beale'B  filter,  18 

Beverages,  carbonic  acid  in,  94 


Bicarbonates  in  presence  of  carbonates, 
titration  of,  53 

Bichromate,  standard  solution  of,  112 

Bischof's  apparatus  for  evaporation, 
386 

Bismuth,  estimation  of,  as  oxalate,  143 

Bismuth,  estimation  of,  as  phosphate, 
143 

Bleaching  compounds,  titration  of,  151 

Bleaching  powder,  gasometrie  estima- 
tion of,  152 

Bleaching  powder,  titration  of,  by 
arsenious  solution,  L52 

Bleaching  powder,  titration  of,  by 
iodine,  162 

Blue,  Porrier's,  35 

Boric  acid  and  borates,  titration  of, 
834 

Bottle  for  digestion  in  iodine  estima- 
tions, 120 

Bromates,  titration  of,  by  iodine,  154 

Bromine,  absorption  of,  by  oils  and 
fats,  340 

Bromine,  colour  method  of  estimation, 
144 

Bromine,  estimation  of,  by  digestion, 

Bromine,  estimation  of,  by  distillation, 

144,145 
Bromine,  estimation  of,  by  Cavassi's 

method,  145 
Bromine,  estimation  of,   by  McCnl- 

lo en's  method,  145 
Bromine,  indirect  estimation  of,  144 
Bromine,  iodine,  and  chlorine  together, 

181 
Bullets  for  gas  analysis,  how  made,  467 
Burette,  Binks',  8, 13 
Burette,  Binks',  or  Gay  Lussac'a, 

objections  to,  8 
Burette  clips,  13 
Burette  for  hot  titrations,  II 
Burette,  Gay  Lussac'a,  8,  10,  12 
Burette,  Mohr's,  7,  8 
Burette,  Mohr's,  advantages  of,  8 
Burette,  the,  6 
Burette,  the  blowing,  10 
Burette,  the  foot,  10 
Burette,  the  tap,  8,  9 
Burette,  without  pinchcock,  14 
Burette   with    enclosed    thermometer 

float,  figure  of,  8 
Burette,  with  reservoir,  11,  12 
Burette,  with  thermometer  float,  9 
Burette,  with  oblique  tap,  8 
Burettes    and    pipettes,    verification 

of,  22 
Butter,  titration  of,  337 
Butylic   hydride    gas,  estimation  of, 

466 

Cadmium,  estimation  of,  as  oxalate, 

147 
Cadmium,  estimation  of,  as  sulphide, 

147 
Calcium,  estimation  of,  as  oxalate,  147 
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Calcium,  estimation  of,  by  perman- 
ganate, 143 

Calcium,  estimation  of,  in  slags  and 
mixtures,  140 

Calcium  in  neutral  salts,  66 

Calibration  of  gas  apparatus  for  water 

acid,  titration  of,  343 
lisulphide,  titration  of,  349 
in    iron   and  steel,  estimation 
of,  200 
Carbon  tetrachloride,  use  of,  for  ritra- 

•  if  fata,  341 
Carbonate*,    Pettonkofer's    m 

fur,  93 
Carbonates  alkaline,  titration  of,  51 — 63 
Carbonates,  Analysis  of,  91 
Carbonate*,  indirect  estimation  of,  125 
Carbonates  soluble  in  scids,  92 
Carbonates  soluble  in  water,  91 
Carbonates,  titration  of,  in  presence  of 

bicarbonates,  63 
Carbonic  acid  in  air,  titration  of,  95 
Carbonic  acid  in  beverages,  94 
Carbonic  acid  in  waters,  93 
Carbonic  anhydride  gas,  estimation  of, 

in  gas  apparatus,  469 
Carbonic  oxide  gas,  estimation  of,  472 
Cithe  tome  tor,  the,  16 
Caustic  alkalita,  titration  of,  by  potaasic 
bichrumate,  65 

tio  and  carbonated  alkalies,  titro- 
f,  60—67 

"l.i  or  potash,  titration  of,  60 
time  tor,  cubic,  the,  18 
rium,  estimation  of, 
lorates,  indirect  estimation  of,  125 
lorat«s,  titration  of,  by  iodine,  154 
loride  of  lime,  titration  of,  152 
lorinc  and  silver  analyses,  123 

bromine,  and  iodine  together, 
f,  181 
loriue,  direct  precipitation  with  sil- 
ver. 150 
lorino,  estimation  of,  by  distillation, 
151 

Chlorine  estimations,  indirect,  125 
Chlorine,  estimation  of,  by  silver  and 
chromate  indicator,  150 
lorino  gas,  titration  of,  151 
"orine,   indirect   estimation    of,     by 
silver  and  sulphoeyanogen,  150 
orine  in  waters,  estimation  of,  413, 
439 

rater,  titration  of,  151 
mate  indicator  for  stiver,  124 
romates,  estimation  of  by  distilla- 

155 
PMM  iron  ora,  analysis  of,  155 
route  ooi  I  in  iron  titration,  111 

miiiin,  titration  by  iron,  154 
tratcs,  titration  or,  85 

magnesic  solution  for  phosphates, 

ark's  process  for  softening  water, 
423 


Cli|»  for  burettes,  7,  13 

Coal  gas,  analysis  of,  608 

Coal  ga3,  estimation   of   sulphuretted 

hydrogen  in,  315 
Coal  fcfas,  estimation  of  sulphur  in,  300 
•  stimation  of,  by  permanganate, 

157 

estimation  of,  as  cyanide,  15S 
Cochineal  indicator,  31 
Colorimeter,  directions  for  using,  129 
Colorimeter,  the  Mills',  180 
Colour   reactions,  device   for  aeeuur, 

121,  188 
'  reactions,  precision  in,  12S 
Commercial  alkaline  compounds,  69 
Condenser  for  K  joldahl  method,  78 
Congo  red,  35,  38 
Constants  used  in  the  analysis  of  oils 

and  fate,  S44 
Copper  and  iron,  titration  of,  in  bum 

liquid,  165 
Copper,  iron,  and  antimony,  estimation 

of,  in  same  liquid,  166 
Copper,  extraction  from  ores,  163 
Copper,  estimation  of,  as  iodide,  161 
Copper,  estimation  of,  as  sulphide,  164 
Copper,     estimation     of,     by     colour 

titration.  171 
Copper,    indirect    estimation    of,    by- 
silver,  167 
Copper  ores,  technical  analysis  of,  167 
Copper,  separation  of,  by  electrolysis, 

169 
Copper  in  presence  of  iron,  titration  of, 

163,  172 
Ceppn  solution  for  sugar,  Fehliug's, 

Copper  solution,  Pavy's,  for  sugar. 
303 

Copper,  titration  of,  by  cyanide,  162 

Copper,  titration  of,  by  permanganate, 
160,  101 

Copper,  titration  of,  by  stannous 
chloride,  165 

Correct  reading  of  graduated  instru- 
ments, 16 

Corrections  for  temperature  of  solu- 
tions, I0h  'Jl 

Cubic  centimeter,  the,  18,  19 

Coptic  oxide  for  combustions,  376 

Cuprous  chloride  for  water  analysis, 
377 

Cyanides,  alkaline,  titration  of,  by 
silver,  !?•>,  176 

Cyanogen,  titration  of,  by  iodine,  174 

Cyanogen,  titration  of,  by  mercury, 
174 

Cyanogen,  titration  of,  by  silver,  173 

Decern,  the,  22 

Decimal  system,  origin  of,  13 

Dccimillem,  the,  V3 

Decinormnl  Hchromato  solution,  112 

Deci normal  iodine,  preparation  of,  114 

Deciuormal  permanganate  solution,  106 

Decinormal  salt  solution,  124 

ft    *    ^ 
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Decinonnal  silver  solution,  123 
Dednonnal  potaasio  arsenite,  121 
Decinonnal  sodio  ohloride,  124 
Decinonnal  sulphooyanate,  127 
Decinonnal  thiocyanate,  127 
Dextrine,  inversion  of,  294 
Dextrose,  298 
Digesting  bottle  for  iodine  estimation, 

120 
Direct  and  indirect  processes,  28 
Dissolved  oxygen  in  water*,  446 
Dropping  apparatus  for  silver  assay, 

Earths,  alkaline,  titration  of,  65 

Erdtnann's  float,  16 

Estimations,    indirect,    by   means   of 

silver  and  chromate,  125 
Ethyl  gas,  estimation  of,  466 
Ethylic  hydride  gas,  estimation  of,  466 
Eudiometer,  Buns  en's,  calibration  of, 

459 
Explosion  of  gases,  474,  504 
Extension  of  alkalimetrio  methods,  102 

Factors  for  calculation  of  analyses,  26 
Fats  and  oils,  titration  equivalents  of, 

with  potash,  336 
Fata  and  oils,  titration  of,  with  bromine 
_     or  iodine,  336 
Fehling's  copper  solution,  295 
Ferric  compounds,  reduction  of,  189 
Ferric  indicator  for  analyses  by  sulpho- 

cyanogen,  127 
Ferric  iron,  titration  of  by  stannous 

chloride,  190 
Ferric  standard,  to  prepare,  191 
Ferricyanidos,  titration  of,  176 
Ferrocyanides  in  alkali  wasto,  176 
Ferrocyanides  in  gas  liquor,  170 
Ferrocyanides,  titration  of,  175 
Forro-Manganose,  estimation  of  man- 
ganese in,  209 
Ferrous  iron,  how  obtained  for  titration, 

189 
Filter,  Bcalo's,  18 
Filter,  Porter-Clark,  429 
Filter  for    baric    sulphate,    W  i  Id  o  n  ■ 

stein's,  313 
Flasks,  measuring,  15 
Float,  Erdmanu's,  16 
Float,  with  thermometer,  9 
Fluorescin,  35 
Frank  land's      and      Ward's      gas 

apparatus,  493 
Frankland's  joint  for  gas  apparatus, 

394 
Free  acid  in  urine,  estimation  of,  371 
Free  ammonia  in  water,  382,  441 
Fresonius'  absorption  apparatus,  117 
Fruit  juices,  titration  of,  85 

Galactose,  298 

Gas  analysis,  Bunson's  apparatus  for, 

452—489 
Gas  analysis,  calculations  for,  482 — 439 


Gas  analysis,  normal  solutions  for,  521 
Gas  analysis,  simple  methods  of,  520 
Gas  apparatus,  etching  of,  466 
Gas    apparatus,    Frankland's,    for 

water  analysis,  392 
Gas  apparatus,  Keiser's  portable,  516 
Gas  burette,  Hempel's,  622 
Gas  liquor,  analysis  of,  71 — 75 
Gas  liquor,  spent,  analysis  of,  74 
Gas  liquor,  table  showing  the  amount 
of  sulphate  of  ammonia  to  be  ob 
tained  from,  75 
Gas  pipettes,  Bedson's  modified,  52S 
Gas  pipettes,  Hempel's,  624—526 
Gasvolumeter,  Lunge's,  534 
Gases,  analysis  of,  452 
Gases,  explosion  of,  474,  504 
Gases,  indirect  estimation  of,  474 
Gases,  simple  titration  of,  520 
Gases  soluble  in  water,  estimation  of, 

by  the  nitrometer,  531 
Glucose  or  grape  sugar,  293 
Glycerin,  titration  of,  345 
Glycerin,   estimation   of,   by  perman- 
ganate, 345 
Glycerin,    estimation    of,    by    bichro- 
mate, 346 
Glycerin,  estimation  of,  by  the  acetin 

method,  347 
Glycerol,  titration  of,  345 
Gold,  estimation  of,  178 
Graduated  instruments,  correct  reading 

of,  16 
Grain  measures,  22 
Grains,  fluid,  22 

Haematites,  analysis  of,  197 
Hardness  of  water  estimated  without 

soap  solution,  66 
Hardness  of  water,  soap  solution  for, 

380 
Hardness  in  waters,  estimation  of,  t>t>, 

413 
Hardness  in  waters,  table  of,  415 
Hardness    in    waters,    Frankland's 

table  for,  415 
Hempel's  gas  burette,  512 
Hempel's  gas  pipettes,  524—526 
Hot  titrations,  burette  for,  11 
Hydrobromic  acid  gas,  estimation  of, 

466 
Hydrocarbon  gasos,  estimation  of,  465. 

473 
Hydrochloric    acid,    analysis    of    sub- 
stances by  distillation  with,  117 
Hydrochloric  acid,  normal,  43 
Hydrocyanic    acid,    titration    of,    by 

silver,  173 
Hydriodio  acid  gas,  estimation  of.  4t>> 
Hydrochloric  acid  gas,  estimation  of. 

466 
Hydrosulphuric   acid    gas,    estimation 

of,  466 
Hydrogen  apparatus,  Bunsen's,  475, 

476 
Hydrogen  peroxide,  titration  of,  26S 
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sulphuretted,    titratiou  of, 


lod 


HTpobrouiite  solution  for  urea,  361 
Hyposulphite  of  eoda,  Sl  -hutaenber- 
ger  s  solution  of,  258 

Improved  gas  apparatus,  489 
Indicator,    forric,     for    analyses     by 

sulphocymiogen,  127 

t,  staroh,  preparation  of,  110 
indicator,  chromato,  lor  silver,  124 
Indicator    for    mercuric    solutions    In 

sugar  analysis,  296 
•rsf  30 
Indicators,  axo,  32 
Indicators,  combination  of,  39 
Indicators,  externa!  and  internal,  29 
Indicators,  various  effect*  of  hoat  and 

cold  on,  36 
Indicators,  Thompson's  results  with, 

Indicators,  general  characteristics  of, 

37 
indicators,  table  of  results  with,  39 
Indigo  solution,  standard,  240 
1  nutriments  graduated,  correct  reading 

of,  16 
trmuente  graduated,  verification  of, 

odate,  how  to  remove  from  alkaline 

iodides,  114 
I  'dates ,  titration  of,  154 
Iodine,  absorption  of,  by  oils  and  fats, 

840 
Iodine,  estimation  of,  by  distillation, 

17l» 
Iodine,  estimation  of,  by  Gooch  and 

Brown  in  ir's  method,  182 
Iodine,  bromine,  and  chlorine,  mixed, 

estimation  of,  1  SI 
Iodine,  estimation  of,  by  chlorine,  183 
Iodine,  estimation  of,  by  nitrous  acid 

and  carbon  bisulphide,  185 
Iodine,  estimation  of,  by  permanganate 

and  thioeulphate,  184 
Iodine  solution,  docinormal,  verification 

11.'. 
Iodine,  titration  of,  by  Milphocyanate 
.  183 
'  ttnklion  of,  by  idlvcrand  starch 
le,  186 
lodino  solution,  decinormal,  prepara- 
tion of.  114 
Iodine  and  thiosulpfaate,  titrations  by. 

Iodine   and    arseuious   acid    analyses, 

121 
Iodised  starch-paper.  121 
Iron    compounds,    red  nation,    of,    for 
titration.  111 
estimation  of,  with  bichromate, 
86 
►n,  estimation  of,  by  colour  titration, 
194 

ore,  magnetic,  analysis  of,  193 
ore,  spnthoae,  analyiiu  of,  It'S 


Iron  ore*,  analysis  of,  195 
Iron  ores,  to  render  toluble,  196 
Iron  in  silicates,  estimation  of,  11*9 
Iron,     titration   of,    by    thiosulphatc, 

192,  193 
Iron,  titration  in  ferrous  state,  136 

Keijer's  gas  apparatus,  516 

K  j  e  1  d  a  h  I  s  method  for  nitrogen ,  76 — 
80 

Kjeldahl  method,  substancesin  which 
their  nitrogen  may  be  estimatod 
by,  BO 

Kjeldahl  method,  modification  of  for 
nitrates,  80 

Kjeldahl  method,  apparatus  and  solu- 
tions for,  77 

Kuapp's  standard  mercuric  cyanide, 

Lacmoid  paper,  35 
Lax-moid,  preparation  of,  35 
Lacmoid  solution,  35 
Lead  acetates,  titration  of,  SU 
Lead,  as  carbonate,  cstimatio-i  of,  203 
Lead,  as  sulphide,  estimation  of,  203 
Lead,  estimated  aa  oxalate,  201 
Lead,  estimation  of,  aa  chromato,  202 
Lead,  estimation  of  as  molybdate,  351 
Lcsul,  red,  titration  of,  201 
Loos,  tartaric,  titratiou  of,  90 
Lemon  juice,  titration  of,  85 
Ltvulose,  293 

Limo  acetate,  analysis  of,  83 
Lime  and  magnesia  in  urine,  369 
Lime  and  magnesia  in  waters,  W 
Lime,  chloride  of,  gawmotric  estima- 
tion, 153 
Lime,  estimation  of  (see  Catcium),  148 
Limo  juice,  titration  of,  86 
Liquid  for  suspending  precipitates,  183 
Liquors,  red,  examination  of,  60 
Litmus  indicator,  30 
Litmus,   interference   in,    by   carbonic 

acid,  31 
Litmus  paper,  31 
Litmus,  pure  extract  of,  30 
Litmus,  preparation  of,  30 
Litmus,  preservation  of,  SO 
Litmus,  use  of,  by  artificial  tight,  31 
Logarithms     for    use     in     volumetric 

analysis,  448 
Lunge's  nitrometer,  529 
Lyes,  soda,  examination  of,  60 

Magnesia  and  limo  m  urine,  369 
Magnesia  and  lime  in  waters,  66 
Magnesia,  estimation  of,  204 
Magnesia  miituro,  272 
Magnesia,  titration  of,  87,  'J '4 
Magnssio  citrate    solution     fur    phos- 
phates, 271 
Magnesite.  use  of,  for  prevent 
gurgitation  in  distilling  ehlt 
118 
Magnetic  Iron  ore,  analysis  of,  198 
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Magn  esium  as  reducing  agent  for  ferric 

salts,  111 
Maltose  or  malt  sugar.  292,  298, 299 
Manganese,  estimation  of,  by  distilla- 
tion with  hydrochloric  acid,  215 
Manganese-estimation  of,  by  gas  appa- 
ratus, 218 
Manganese,  estimation  of,  by  iron,  217 
Manganese,  estimation  of,  by  oxalic 

acid,  216 
Manganese,estimationbyPattinson's 

method,  207 
Manganese  in  small  quantities,  estima- 
tion of,  212 
Manganese  ores,  analysis  of,  214 
Manganese,  ores  and  alloys  of,  208 
Manganese  ores,  moisture  in,  214 
Manganese  oxides,  nature  of,  208 
Manganese,  precipitation  as  dioxide,  207 
Manganese,  precipitation  of,  by  per- 
manganate, 210 
Manganese,  technical  method  of  esti- 
mating, 211 
Marsh  gas,  estimation  of,  466 
Mo  Lood  s  gas  apparatus,  495 
Measuring  flasks,  15 
Mercurialtrough,  894 
Mercuric  cyanide,  standard  for  sugar, 

296 
Mercuric  iodide  for  sugar,  296 
Mercury,  estimation,  as  chloride,  219 
Mercury,  estimation  of,  as  iodide,  221 
Mercury,  estimation  of,  by  cyanogen, 


Mercury,  preservation  of,  for  gas  appa- 
ratus, 462 

Mercury  solution  for  urea,  357 

Mercury,  titration  of,  by  iodine,  220 

Mercury,  titration  of,  by  thioaulphate, 
220 

Metallic  salts  of  all  kinds,  alkalimetric 
titration  of,  102 

Metals  and  minerals  in  waters,  estima- 
tion of,  41b 

Method  for  percentages,  26 

Method,  mintmetric  for  examination  of 
air,  96 

Methyl  gas,  estimation  of,  466 

Methyl  orange,  33 

Methyl  orange,  the  proper  use  of,  33 

Methyl  orange,  commercial,  the  defects 
of,  33 

Millon's  base,  use  of,  44 

Mills'  colorimeter,  130 

Milk  sugar,  inversion  of,  293 

Milk  sugar,  inverted,  300 

Mineral  acids  in  vinegar,  82 

Mirror  for  detecting  precipitates,  313 

Mixer,  test,  17 

Mixtures  of  sugars,  titration  of,  304 

Mohr  Dr.  F.,  father  of  the  volumetric 
system,  23 

Mohr's  burette,  advantages  of,  8 

Molybdenum,  titration  of,  350 

Molybdenum  solution  for  precipitating 
phosphoric  acid,  272,  436 


Kapthol  0,  for  titrating  bromine,  840 
Nessler's    solution,    preparation   of, 
874,437 

Nickel,  estimation  of,  223 

Nitrate  baths  for  photography,  assay 

of,  290 
Nitrates,   cokrimetric    estimation  of, 

248 
Nitrates,  estimation  of,  by  ferrous  salts, 

228 
Nitrates,  estimation  of,  by  nitrometer, 

247 
Nitrates,  indirect  estimation  of,  125 
Nitrates  in  water,  aluminium  process 

for,  406 
Nitrates  in  water,  estimation  of,  in 

nitrometer,  440 
Nitrates  by  Kjeldahl  method,  80 
Nitrates,  technical  method  of  titration, 

238 
Nitric  acid,  estimation  of,  by  distilla- 
tion, 225 
Nitric  acid,  estimation  of,  by  indigo, 

289 
Nitric  acid,  estimation  of,  in  absence  of 

organic  matter,  228 
Nitric  acid,  estimation  of,  inpresence 

of  organic  matter,  232-238 
Nitric  acid,  normal,  43 
Nitric  acid,  pure,  for  titrations,  128 
Nitric  oxide  gas,  estimation  of,  466, 

478 
Nitrite,  standard  solution  of,  for  water 

analysis,  379 
Nitrites  alkaline,  titration  of,  250,  252 
Nitrites,  oolorimetric  titration  of,  238 
Nitrites,     estimation     by     iodometrie 

method,  250 
Nitrites,  estimated  gasometrically,  255 
Nitrites,  sulphites  and  thiosulphates, 

analysis  of  mixtures  thereof,  254 
Nitrites,  titration  of,  250 
Nitrogen  as  nitrates  and  nitrites,  224 
Nitrogen  as  nitrate,  estimation  of,  by 

copper-zinc  couple,  228,  408 
Nitrogen    combined    in    organic   sub- 
stances, 76 
Nitrogen,  estimation  of,  as  nitric  oxide, 

247 
Nitrogen  gas,  estimation  of,  466 
Nitrogen  in  alkaline  nitrates,  225 
Nitrogen,  indirect  estimation  of,  125 
Nitrogen,    Kjeldahl's   method   for, 

76—80 
Nitrogen,  total  in  urine,  estimation  of, 

3/3 
Nitrometer,  general  uses  of,  533 
Nitrometer,  Lunge's,  529 — 537 
Normal    acid  and   alkaline  solutions, 

preparation  of,  40 
Normal  acid  solutions,  verification  of, 

41 
Normal  ammonio-cupric  solution,  45 
Normal  baric  chloride,  preparation  of, 

810 
Normal  hydrochloric  acid,  43 
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Normal  nitric  acid,  43 

Permanganate  analyses,  calculation  uf , 

Normal  oxalic  acid,  42 

109 

Noniiul  potash  solution,  43 

Permanganate  for  oxygen  process   in 

Normal  potAssjc  carbonate,  42 

water  analysis,  438 

Normal  aoda  solution,  43 

Permanganate  of    potash,   gasometric 
titration  of.  108 

Normal  sodic  carbonate,  41 

Normal  solutions,  23 

Permanganate,  precautions  in  using,  103 

Normal  solutions,  definition  of,  S3 

Permanganate^    preparation    of    stan- 
dard solution,  108 

Normal  solutions,  baaed  on  molecular 

weights.  'J  1 

Permanganate,   titration    with   double 

Normal  solutions  for  gases,  521 

iron  salt,  108 

Normal  sulphuric  acid,  43 

Permanganate,  titration  with  iron,  106 

Formanganato,  titration  of  ferric  salts 

Oils  and  fats,  titration  equivalents  of, 

by,  109 

with  potash,  340 

Permanganate,  titration  of,  with  lead 
oxalate,  107 

Oils  and  fata,  titration  of,  with  bromine 

or  iodine,  340—343 

Permanganate,  titration  of,  with  oxalic 
acid,  107 

Oils  and  fata,  titration  of,  33(1 

defiant  gas,  estimation  of,  473 

Permanganate,      titration      of,      with 
hydrogen  peroxide,  108 

Orange,  methyl,  tbo  proper  use  of,  33 

Orango,  methyl,  33 

Permanganate,  verification  of  standard 

Ore,  tin,  titration  of,  323 

solution,  106 

Ores,  arsenical,  analysis  of,  139 

Permanganate,  verification  of  standard 

Ores,  copper,  technical  analysis  of,  167 

solution  by  hydrogen  peroxide,  108 

Ores,  iron,  analysis  of,  11)6 

Phenacatolin,  34 

Ores,  iron,  to  render  soluble,  196 

Phenncetolin,  preparation  of,  34 

Organic  carbon  and  nitrugen  iu  waters 

Phenol,  titration  of,  348 

3gi_400 

Phenolphthalein,  34 

Organic  impurities  in  water,  estimation 
of,  without  gas  apparatus,  42" 

Phonolphthalein,  preparation  of,  34 

Phenolphthalein,      disadvantages      in 

Organic  nitrogen  and  carbou  in  waters. 

using,  34 

384—400 

Ph.osph.utes,  earthy,  in  urine,  366 

Oxalates,  titration  of,  80 

Phosphates  in  urino,  366 

Oxalic  acid,  normal,  4'J 

Phosphates  of  lime,  titration  of,  276 

Oxidation  and  reduction  analyses,  105 

Phosphoric  acid,  alkolimetric  titration 

Oxidising  agents,  105 

Oxygen  dissolved  in  watore,  254,  448 

of,  280 

Phosphoric  acid  in  combination  with 

Oxygen  dissolved  in  water  at  various 

alkaline  bases,  estimation  of,  274 

temperatures,  26U 

Phosphoric  sold  iu  minerals,  estimation 

Oxygen  gas,  estimation  of,  406 

of,  279 

Oxygen  in  water,  estimation  of,  254 — 268 

Phosphoric    acid,    separation    of,    for 

Oxygen  in  waters,  Mohr's  method  of 

titratiou,  27" 

estimating,  255 

Phosphoric  acid,  titration  of  by  molyb- 
date,  281 

Oxygen  in  waters,  Winkler's  method 

of  estimating,  255 

Phosphoric  acid,  uranium  method  for, 
£71 

Oxygen  in  waters,  Schiitxenbcrger's 

method  of  estimating,  255 

Pinchcocks  for  burettes,  13 

Oxygen  in  waters,  Roscoo  and  Lout's 

Pi  potty,  the,  14 

method  of  estimating,  258 

Plate,  silver,  assay  of,  2S5 
Porricr's  blue,  35 

Oxygen  in  waters,  iodometric  method 

of  estimating,  282 
Oxygen  process  for  water,  comparison 
with  combustion  methods,  431 

Por.ter-Clark  process  for  softening 

water,  429 

Potash  and  soda,  caustic,  titration  of. 

Oxygen  process  for  water,  430 

50 

*         ■ 

Potash  and  soda,  indirect   estimation 

Palladium  asbestos  for  gases,  525 

of,  130 

Paper,  iodised  starch,  121 

Potash  and  soda,  mixed,  57 

l\*per,  lacmoid,  35 

Potash  and  soda  in  urine,  373 

Paper,  litmus,  31 

Potash,  estimation  of,  50—58 

Paper,  turmeric,  32 

Potash,  estimation  of  in  neutral  salts. 

Paper,  turmeric,  alkaline,  32 

Pavy'a    copper  solution    for   sugars, 

Percentage!',  method  for,  2d 

free  from  soda,  55 

Potash,  estimation  of  in  presence  of 

soda,  56 
Potash  solution,  normal,  43 

Permanganate,    alkaline,    for    water 

Potash  in  waters,  estimation  of,  417 

analysis,  437 

PotAsaic  carbonate,  normal,  42 

152 
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Potassio  ferricyonide  m  indicator,  111 
Potassio   iodide,    how    to    free   from 

iodate,  114 
Potassio  permanganate,  preparation  of 

standard  solution,  106 
Potassio    permanganate,    titration   of 

standard  solution,  IOC 
Precipitates,  liquid,  for  suspending,  132 
Preservation  of  solutions,  27 
Pressure    and     temperature    in    gas 

analysis.  464 
Processes,  direct  and  indirect  28 
Processes,  titration,  termination  of,  28 
Propylio  hydride  gas,   estimation  of, 

Pump,  Spr  en  gel,  for  water  analysis, 

Pyrites,  burnt,  analysis  of,  805 
Pyrites,  estimation  of  sulphur  in,  805 

Red  liquors,  examination  of,  60 
Reduction  and  oxidation  analyses,  105 
Reduction  agents,  105 
Regnault  and  Reiset's  gas  appara- 
tus, 492 
Residual  titration,  29,  50 
Residues,  water,  combustion  of,  SS8 
Rosolic  acid,  35 

Saohsse's  mercuric  iodide  for  sugar, 
296 

Sal  ammoniac,  analysis  of,  71,  75 

Salt  cake,  61 

Salt  raw,  analysis  of,  63 

8alt  solution,  deoinorm&J,  124 

Salt,  standard,  for  silver  assay,  283 

Salts,  alkaline,  titration  of,  50 

Salts,  metallic,  various,  titration  of, 

alkalimetrically,  101 
Samples  of  water,  collection  of,  881 
Saturation  analyses,  80 
Scheibler's  apparatus  for  CO3,  97 
Schutsenberger's  method  of  estima- 
ting oxygen  in  waters,  256 
Septem,  the,  23 
Silicates,  iron  estimated  in,  199 
Silicates  of  potash  and  soda,  titration 

of,  63 
Silver  and  chlorine  analyses,  123 
Silver  and  sulphocyanic  acid,  127 
Silver  and  thiocyanic  acid,  127 
Silver     assay,     Mulder's    improved 

method,  285 
Silver,   assay  of,   by  Gay   Lussac's 

method,  285 
Silver,  alloys,  assay  of,  286 
Silver  chromate,  solubility  of,  124 
Silver,  estimation  of,  by  standard  aodic 

chloride,  285 
Silver  plate,  assay  of,  285 
Silver  solution,  dectaormal.  123 
Silver  solutions  used  in  photography, 

assay  of,  290 
Silver,  titration  of,  by  starch  iodide, 

284 
Silver,  titration  of,  by  thiocyanate,  284 


Slags,  manganese  in,  209 

Soap,  analysis  of,  64 

Soap  solution  for  water  hardness,  88ft, 

488 
Soda  and  potash,  indirect  estimation 

of,  126 
Soda  and  potash  in  urine,  878 
Soda  and  potash,  mixed,  57 
Soda  and  potash  solutions,  purification 

of,  44 
Soda  ash,  titration  of,  59 
Soda  lyes,  examination  of,  60 
Soda  solution,  normal,  48 
Sodio  carbonate,  normal,  41 
Sodic  chloride,  decinormal,  124 
Sodio    hyposulphite.    Son  fit  sen  be  r- 

ge/e,  255,258 
Sodic  sulphide,  titration  of,  60 
Sodio  thiosulphate  solution,  decinormal, 


preparation  of,  116 
Ida 


Soldaini's  copper  solution  for  sugar, 

802 
Solids,  total  in  water,  estimation  of, 

Solutions,  alkaline  and  acid,  prepara- 
tion of  normal,  40 
Solutions,  correction    of   volume   for 

temperature,  20,  21 
Solutions,  metallic  acid,  titration  of,  by 

copper,  45 
Solutions,  normal,  28,  40 
Solutions,  normal,  definition  of,  28 
Solutions,  normal,  based  on  molecular 

weights,  24 
Solutions,  preservation  of,  27 
Solutions,  standard,  correction  of,  46 
Solutions,  standard,  factors  for,  47 
Solutions,  standard,   used  by  weight, 

6,22 
Soxhlet's    critical     experiments    on 

sugar  titration,  297 
Spiegeleisen,  estimation  of  manganese 

in,  208 
Sprengel  pump  for  water  analysis, 

390 
Standard   alkaline   nitrite    for   water 

analysis,  379 
Standard  amnionic  molybdate,  282 
Standard  amnionic  phosphate,  275 
Standard  baryta  solution,  44 
Standard  calcic  phosphate,  277 
Standard   copper  solution   for  sugar, 

295 
Standard  indigo  solution,  240 
Standard  potaasic  phosphate,  275 
Standard  salt  solution  for  silver  assay, 

288 
Standard  silver  solution  for  water,  SS0 
Standard   soap  solution  for  hardness, 

380,438 
Standard  solutions,  correction  of,  46 
Standard  solutions,  factors  for,  26,  47 
Standard  solutions  used  by  weight,  6, 

22 
Standard  water  for  hardness  (Clark's), 

414,  438 
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Stannous  chloride  solution,  preparation 

112 
Starch  and  potasstc  iodide,  permanent 

solution  of,  116 
Starch,  concentrated  solution  of,  1 1 tJ 
tarcli  indicator,  preparation  of,  116 
iamb,  inversion  of,  294 
Starch  solution,  preparation  of.  110 
Starch  paper  indicator,  121 
Starch  paste,  116 
Steel,  estimation  of  manganese  in 
Strontium  in  neutral  salts,  66 
Sugar,  grape  or  glucose,  291—  234 
Sugar  in  urine,  estimation  of,  307 
Sugar,  malt  or  maltose,  293 
Sugar,  modifications  of,  291 
Sugar  of  milk,  inversion  of,  293 
Sugar  solutions,  classification  of, 

analysis,  263 
Sugar  tost  for  water,  445 
Sugar*,   titration  of,   by  Sldorsky's 

method,  301 
Sugar,  varieties  of,  291 
Sugar*,    critical    experiments   ou     the 

analysis  of,  297 
Sugar*,  inverted  by  acta,  293 
Sugars,  mixed, 
Sugnrv,    various    ratios   of    reduction, 

with  Fehling'a  solution,  298 
itafl  b  urine,  366 
•  *,   alkaline,    titration    of,   60, 

307—309 
Sulphides  in  alkali,  detection  oi.  69 

-,  s  I'phite",  aud  thioaulpbatcs 

une  solution,  estimation  of,  309 

Sulphides,  estimation    of   sulpbur  in, 

807 
Sulphites,  alkaline  titration  of,  60 
Sulphites    in     presence    of     alkalies, 

destruction  of,  54 
Sulphites,  titration  of.  308 
Sulphocarbonat<3.«,  titration  of,  M9 
Sulphocyanate,  decinornml,  1S7 
Sulpboeyanic  acid  and  silver,  127 
Sulphoeyuuides,  alkaline  and   earthy, 

titration  of,  177 
Sulphur  in  coal  gas,  estimation 
Sulphur  .  estimation 

Sulphur  in  sulphides,  estiraatioi 
Sulphuric  acid,  normal,  42 
Sulphuric  acid,  combined,  tHral 

Sulphuric  anhydride,  titration  of,  67 
Sulphurous  acid,  ratio  of,  in  solution, 

t  the  gr&rjt] . 
Bulph  titration  of, 

tliydride  gas,  ostii 
of, 

I    hydrogen  in  coal    gts^ 
Man  of,  315 
Sulphoi  rogen  in  water,  esti- 

Snlphuretted   hydrogen,  titration  of, 

■Ml 

"i  of,  273 
yringu  for  cleaning  gas  apparatus,  £13 


System,  decimal,  origin  of,  IS 
System  of  weights  and   measures  for 
volume  try,  IS 

T.nnnie  loU,  titration  of,  316 

Tsurato,   estimAtiou   of,   by  antimony, 

m 

Tannin,    estimation    of,    by    gelatine, 

T.miiin,  titration  of,  316 

Tunning  materials,  percentage  of  tannin 

in.  320 
Tanning  materials,  preparation  of  for 

titr.it  Ion,  817 
Tartar  emetic,  titration  of,  134 
Tartrate  solution,  alkaline,  for  sugar. 

80S 
Tartrates,  titration  of,  SS 
Temperature    and     pressure    iu    gas 

analysis,  464 
Temperature,   variations,   influence   of 

on  solutions,  SO, 
Test  mixer,  17 

TliioL'srbonatcs,  titration  of,  349 
Thiocyanato,  decinornml,  1*27 
Thiocyanic  acid  and  stiver,  127 
Thiosulphato  and  iodine,  titration  by, 

113 
Thiosulphato  solution,  preparation  of, 

116 
Thiosulphates,  sulphides,  and  sulphite?*, 

mixtures  of,  3u9 
Thomas's  gas  apparatus,  511 
Tin,  titration  of,  JJ1 
Tin  ore,  titration  •■'" 
Titrated  solutions,  preservation  of,  27 
Titration,  backward,  2:>, 
Titration,  residual,  29,  50 
Tourmaline,    estimation   of  boric  acid 

iu,335 
Tungsten,  titration  of,  350 
Turbidities,   estimation   of,  by   colori- 
meter, 131 
Turmeric  paper,  alkaline,  32 
Tormerie  paper,  3*2 

Two-foot  tube  fur  water  examination, 
489 

Urauiuut  method  for  phosphoric  acid, 

U73,  366 
Uranium  method,  Jov   It   -    -71* 
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Ought  to  Live.     By  Jos.  F.  Edwards,  m.d.     2d  Ed.  Cloth,  .50 

AGGE,    The  Principles  and  Practice  of  Medicine.    By  C  Hilton  Facge,  m.d., 

f.k.c.p.,  f.r.m.c.s.,  Examiner  in  Medicine,  University  of  London;  Physician  to, 
and  Lecturer  on  Pathology  in,  Guy's  Hospital ;  Senior  Physician  to  Evelina  Hos- 
pital for  Sick  Children,  etc.  Arranged  rot  the  press  by  Philip  H.  Pye-Smith. 
ret.  on  Medicine  in  Guy's  Hospital.  Including  a  section  on  Cutaneous 
Affections,  by  the  Editor;  Chapter  on  Cardiac  Diseases,  hy  SAMUEL  Wilkes,  m.d., 
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IELD.    Evacuant  Medication — Cathartics  and  Emetics.     By  Henry  M,  I 

M.D.,  Professor  of  Therapeutics,  Dartmouth  Medical  College,  Corporate  Mem- 
ber Gynaecological  Society  of  Boston,  etc.     l2mo.     2R8  pp.  Cloth,  $1.75 

*ILLEBROWH.  A  Text-Book  of  Operative  Dentistry.  Written  by  invitation 
of  the  National  Association  of  Dental  Faculties.  By  Thomas  Filledruwn.  m.d., 
D.m.d.,  Professor  of  Operative  Dentistry  in  the  Dental  School  of  Harvard  Uni- 
versity ;  Member  of  the  American  Dental  Assoc,  etc.    lllus.    8vo.     Go.,  J2.50 

?LAGG.  Plastics  and  Plastic  Fillings,  as  pertaining  to  the  filling  of  all  Cavities 
of  Decay  in  Teeth  below  medium  in  structure,  and  to  difficult  and  inaccessible 
cavities  m  teeth  of  all  grades  of  structure.  By  J.  Foster  Flagg,  D  0.  .,  Professor 
of  Dental  Pathology  in  Philadelphia  Dental  College.  Fourth  Revised  Edition. 
With  many  Illustrations,     8vo.  Cloth,  $4.00 

,0WER'S  Diagrams  of  the  Nerves  of  the  Human  Body.  Exhibiting  their 
ns  and  Connections,  with  their  Distribution  to  the  various  Rc„ 
of  the  Cutaneous  Surface  and  to  all  the  Muscles.  By  William  H.  FLOWER, 
P.R.C.S.,  f.r.S..  Hunterian  Professor  of  Comparative  Anatomy,  and  Conservator 
of  the  Museum  of  the  Royal  College  of  Surgeons.  Third  Edition,  thoroughly 
revised.     With  six  Large  rolio  Maps  or  Diagrams.    4to.  Cloth,  $3.50 

TJCKIGER.     The    Cinchona    Barks   Ph arm acognostic ally    Considered. 
Professor  Fried  ri<  qer,  of  Strasburg.    Translated  by  Frederick  B. 

;  k,  PH.D.     With  8  Lithographic  Plates.     Royal  octavo.  Cloth,  $1.50 

WLER'S  Dictionary  of  Practical  Medicine.     By  Various  Writers.     An  Ency- 
clopedia 0  ie.    Edited  by  James  KINGSTON  FOWLER,  M.A.,  M.D.,  F.i- 
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GARROD.    On  Rheumatism.   A  Treatise  on  Rheumatism  and  Rheumatic  A 
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GORGAS'S   Dental  Medicine.     A  Manual  of  Materia  Medica  and  Therapeutic 
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William   R.  Gowers,  m.d.,  Prof.  Clinical  Medicine,  University  College, 
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Diagnosis  of  Diseases  of  the  Spinal  Cord.    4th  Edition.  Preparing* 

Medical  Ophthalmoscopy.    A  Manual  and  Atlas,  with  Colored  Autotype  and 
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m.d..  Instructor  in  Clinical  Medicine  in  the  University  of  Pennsylvania.    Printed 
v  colors.     Sample  copies  free.  Put  up  in  loose  packages  of  50.    .50 

Price  to  Hospitals.  500  copies.  54.00;   1000  copies,  57.50.     With  name  of  Hos- 
unted  on,  50  cents  ea 

ROVES  AND  THORP.  Chemical  Technology.  A  new  and  Complete  Work. 
The  Application  of  Chemistry  to  the  Arts  and  Manufactures.  Edited  by 
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the  Fothergillian  Medal  of  the  Medical  Society  of  London.  1888.  By  H.  A» 
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By  Gustavus  Hartridge,  f.r.c.s.,  Consulting  Ophthalmic  Surgeon 
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Practical  Anatomy.     A  Manual  of  Dissections.     Seventh  London 
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HIOGENS'  Ophthalmic  Practice.     A  Manual  for  Students  and  Practitionc; 
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HOLDER'S  Anatomy.     A  Manual  of  the  Dissections  of  the  Human  Body. 

Lother  Holden,  f.r.c.s.  Fifth  Edition.  Carefully  Revised  and  Enlarged 
Specially  concerning  the  Anatomy  of  the  Nervous  System,  Organs  of  Specia 
Sense,  etc.  By  John  Lanoton,  f.r.c.s..  Surgeon  to,  and  Lecturer  on  Anatom 
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Human  Osteology.     Comprising  a  Description  of  the  Bones,  with    Colore 
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With  Lithographic  Plates  and  Numerous  Illustrations.    7th  Ed.    Cloth,  $6.oc 
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of  Medical  Chemistry  and  Toxicology  in  Jefferson  Medical  College,  of  Philade 
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onstrator  of  Anatomy,   Jefferson   Medical  College;   Chief,  Out-Patient  Surgical 
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Compend?  Series.  Cloth,  51.00.     Interleaved  for  the  addition  of  notes,  y 
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HUTCHINSON.     The  Nose  and  Throat.     A  Manual  of  the  Diseases  of  the  N 
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PROCTER  S.  Hutchinson,  m.r.c.s.,  Asst.  Surgeon  to  the  London  Hospital 
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Parkes,  m.d.,  d.p.h.  London  Hospital;  Assistant  Professor  of  Hygiene  ' 
Public  Health,  at  University  College,  etc.     l2mo.     Second  Edition.     Cloth,  $2. 

PARRISH'S  Alcoholic  Inebriety.  From  a  Medical  Standpoint,  with  Ulustrati 
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Obstetrician  to  Philadelphia  Hospital,     umo.  Cv«fcv 


BLAKISTON,  SON  &+  CO.'S  PUBLICA  7  . 


PENNSYLVANIA  Hospital  Report*.     Edited  by  a  Commits 
Staff:  J.  M.  DaCosta,  m.l>..  and  William  Hunt.    Con 
by  the  Staff.     With  many  other  Illustrations.  Piper,  -75  ,  CIoUl  | 


PHYSICIAN'S  VISITING  LIST. 
Publication. 


Published   Annually.      Fortieth   Year  of  i 


For  25 

Patients 

weekly. 

5o 

75 

too 

•  1 

■  • 

« 1 

M 
It 

$0 

it 

"    2   VOlS. 

100 

ii 

u   2  VOls. 

BEOULJLH  EDITION. 

Tucks,  pocket  and  pencil,  Gilt  Edges, 


Jan.  to  June 
July  tu  Dec. 
Jan.  to  June 
July  to  Dec. 


INTERLEAVED  EDITION. 

For  25  Patients  weekly,  interleaved,  tucks,  pocket,  etc., 
50 

m  2  voh     JJ-»n.  to  June 


50 


July  to  Dec 


: 


Perpetual  Edition,  without   Dates  and  with  Special  Memorandum  Paytt 
For  25  Patients,  interleaved,  tucks,  pocket  and  pen-  .... 

50        •'  "  *'  .... 

Monthly  Edition,  without  Dates.    Can  be  commenced  at  ah) 
until  full.    Requires  only  one  writing  of  patient's  name  for  the  whi 

Plain  binding,  without  : 
Leather  cover,  Pocket  and  Pencil, 

EXTRA  Pencils  will  be  sent,  postpaid,  for  25  cents  per  half  dozen. 

J^*  This  List  combines  the  several  essential  qualities  of  strength, 
durability  and  convenience.  It  is  made  in  all  sizes  and  styles  to  meet  the  want*  of  all 
physicians.  It  is  not  an  elaborate,  complicated  system  of  k« 
plain,  simple  record,  that  may  be  kept  with  the  least  expenditure  of  time  and  m 
hence  its  popularity.  A  special  circular,  descriptive  of  contents  and  improv- 
will  be  sent  upon  application. 

PEREIRA'S  Prescription  Book.    Containing  Lists  of  Terms,  Phrases, 
and  Abbreviations  used  in  Prescriptions,  Hxplanatory  Note-, 
Construction  of  Prescriptions,   Rules  for  the   Pronunciation  of  1 
Terms.  By  Jonathan  Pekejka,  m.d.  Sixteenth  Edition.  Cloth, $1  • 

PIGGOTT  Copper  Mini  ng  an  d  Copper  Ore.     1 2mo.  C 1- 

PORTER'S  Surgeon's  Pocket-Book.    By  Surgeon-Major  J.  H,  Porter, 
fesborof  Military  Surgery  in  (he  Army  Medical  School,  Nctley,  England.  Rc\ 
and  partly  Rewritten.     Third  Edition.     Small  tamo.  Leather  G 

POWER,  HOLMES,  ANSTIE  and  BARNES  (Drs.).   Reports  on  t! 

Medicine,  Surgery.  Physiology,  Midwifery,  Diseases  of  Women  and  CI 

Materia  Medica,  Medical  Jurisprudence,  Ophthalmology,  etc.     Report 

New  Sydenham  Society.     8vo.  Paper,  .75  ;  Cloth,  fIJ 

POTTER.    A  Handbook  of  Materia  Medica,  Pharmacy  and  Therapev 
eluding  the  Action  of  Medicines,  Special  1  'hi 
eluding  over  600  Prescriptions  and  Formula?.     By  SAMUEJ 
m.d.,  m.r.c.p.  (Lond.),  Professor  of  the  Practice  of  Medicine,  ■ 
lege, San  Francisco:  late  A.  A.  Surgeon  U.S.  Army.  Second  Edit 
Enlarged.    8vo.     With  Thumb  Index  in  each  copy.    Cloth,  J4.00 ;   Leather,  $ 

Speech    and    Its   Defects.     Considered   Physiolog 
Jiemedially  ;  being  the  Lea  VrviW\\csv*  tf 
ed  and  Corrected,     iituo. 


JHE  PRACTICAL  SERIES 


THREE  NEW  VOLUMES. 


PARKE9.  Hygiene  and  Public  Health.  A  Practical  Manual.  By  Louis 
Pakk.es,  m.d.,  o.p.h.,  London  Hospital;  Fellow  of  the  Sanitary  Institu 
Assistant  Professor  of  Hygiene  and  Public  Health,  at  University  College,  « 
umo.     Second  Edition.  Cloth,  $2. 

LEWERS.    On  the  Diseases  of  Women.    A  Practical  Treatise.     By  Dr.  A 

N.  Lewers.  Assistant  Obstetric  Physician  to  the  London  Hospital;  and  Ph 
sician  to  Out-patients,  Queen  Charlotte's  Lying-in  Hospital ;  Examiner  in  Mm 
wifery  and  Diseases  of  Women  to  the  Society  of  Apothecaries  of  London.  Wit 
146  Engravings.    Second  Edition,  Revised.  Cloth,  $2. 

BUXTON.     On  AnaBSthetics.     A  Manual  of  their   Uses  and  Administration. 
Dudley  Wilmot  Buxton,  m.d.,  b.s.,  Ass't  to  Prof,  of  Med.,  and  Administrat 
of  Anesthetics,  University  College  Hospital,  London.     Illustrated. 

Second  Edition  in  /V. 


MONEY.  On  Children.  Treatment  of 
Disease  in  Children,  including  theOul- 
lines  of  Diagnosis  and  the  Chief 
Pathological  Differences  between  Chil- 
dren and  Adults.  By  Anon  Money, 
M.D.,  M.K.C.P.,  Ass'i  Physician  to  the 
Hospital  for  Sick  Children,  Great 
Ormond  St.,  and  to  the  Victoria  Park 
Chest  Hospital,  London.  i2mo.  560 
pages.  Cloth,  $3.00 

PEITCHARD.  On  the  Ear.  Handbook 
of  Diseases  of  the  Ear.  By  Urban 
Pritchakd,  m.d.,  P.R.C.S.,  Professor 
of  Aural  Surgery,  King's  College, 
London,  Aural  Surgeon  to  King's 
College  Hospital,  Senior  Surgeon  to 
the  Royal  Ear  Hospital,  etc.  i2ino. 
2d  Edition.     Illustrated.        In  Press. 

BARRETT.  Dental  Surgery  for  Gen- 
eral Practitioners  and  Students  of 
Medicine  and  Dentistry.  Extraction 
of  Teeth,  etc.  By  A.  W.  Barrett, 
m.d.  2d  Edition,  Revised  and  En- 
larged.   80  Illustrations.    Cloth,  $1.25 


COLLIE  On  Fevers.  A  Practical  Tre 
ise  on  Fevers,  Their  History,  Etiolo] 
Diagnosis,  Prognosis  and  Treatme 
By  Alexander  Collie,  m.d.,  m. 
C.p.,  Lond.  Medical  Officer  of  the  H 
merton,  and  of  the  London  Fever  H 
pitals.  Colored  Plates.  Cloth,  $2. 
RALFE.    Diseases  of  the  Kidney  an 

Urinary    Derangements.      13y    C. 

Ralfe,  m.d.,  p.k.c.p.,  Abs't  Plnsici. 

to  the  London  Hospital.     Illustrat 

i2mo.  Cloth,  $2. 

REEVES.     Bodily    Deformities    an 
their    Treatment.      A   Handbook 
Practical    Orthopaedics.      By    H . 
Reeves,  m.d..  Senior  Ass't  Surgeon 
the  London  Hospital,  Surgeon  to 
Royal  Urthopxdic  Hospital.   2:S  Illu 
Cloth.  $2. 
HI60ENS.    Ophthalmic  Practice. 
I    tnial  for  Students  and  Practilione 
By  Charles  Higgins.  F.R.c.p-.Optli 
inic  Surgeon  to  Guy's  Hospital.     Ill 
trated.     274  pages.  Cloth,  St 


*^*The  volumes  nf  this  series,  written  by  well-kn  >wn  physicians  and  surgeons  of  larg< 
private  and  hospital  experience,  embrace  the  various  branches  of  medicine  and  surgery.     The; 
arc  ol  a  thor-nifchly  practical  character,  calculated  to  meet  the  requirements  of  the  practitior, 
and  present  the  most  recent  methods  and  information  in  a  compact  shape  and  at  a  low  price. 

Bound  Uniformly,  in  a  Handsome  and  Distinctive  Cloth.  R\aAxs^> 
mailed  to  any  address,  on  receipt  of  the  price. 


30  P.  B LA  K  IS TON  SON  <5-  CO.'S 


POTTER.    Compend  of  Anatomy,  including  Visceral  Anatomy.    Formerly 
lishcd   separately.     Based  upon  Gray,      Fifth  Edition,     Revised,    an 
Enlarged.    Vi  itographed  Plates  and  117  other  Illustrations. 

/  f  Quiz- Com pend t  Series.         Cloth,  $1.00 ;  Interleaved  for  uking  N 

Compend  of  Materia  Medica,  Therapeutics  and  Prescription  Writm 
d  in  accordance  with  the  last  Revision  U.  S,   Pharmacopoeia,  » 
ial  reference  to  the  Physiological  Action  of  Drugs 
Improved   Edition,  with   Index.     Bring  No.  0  T  Quis-CompewiT 

Cloth,  $1.00.     Interleaved  for  taking  Notes,  %\ 

PRITCHARD   on  the  Ear.     Handbook  of   Diseases  of  the   Ear.     Hy  Umax 
PmCBABPi  m.d.,  f.r.<  .<r  of  Aural  Surgery,  King's  College.  Lor 

Aural  Surgeon  to  King's  College  Hospital,  Senior  Surgeon  to  ihe  I 
Hospital,  etc.    2d  Ed.     Ill  US.     lamo,    Practical  Series.     Set  fbge  /0. 

PROCTER'S  Practical  Pharmacy.    Lectures  on  Practical   Pharmac. 
Engravings  and   32    Lithographic   Facsimile    Prescriptions.     By    Bai. 
Procter.    Second  Edition.  1.  K50 

RALFE.    Diseases  of  the  Kidney  and  Urinary  Derangements.     By  C.  H.  Ralfs. 
DIustrtted.     i:mo.     PractUmI  S&iet^     See  Page  iq. 


RAMSAY.    A  System  of  Inorganic  Chemistry.    By  William 

P.R.S.,  Professor  of  Chemistry  in  University  College,  London.     Illust: 

Clotr. 

REESE'S  Medical  Jurisprudence  and  Toxicology.    A  Text-book  for  Med 
Legal  Practitioners  and  Students.     By  John  J.  Reese,  m.d.,  Edit 
Jurisprudence.  Professor  of  the  Principles  and  PracticeofMedic.il  ; 
including  Toxicology,  in  the  University  of  Pennsylvania  Medical  Dc, 
Third  Edition.   Enlarged.   CrownOctavo.  666pagcs.   Cloth,  $ 3.00;  Leather. $5.50 

REEVES.     Bodily  Deformities  and  their  Treatment.     A  Handbook  of  Practkil 
Orthopedics.    Hy  H.  A.  REEVES,  m.d.    Prac fiat/  Series.    See  Ptge  /o. 

RICHARDSON.    Long  Life,  and  How  to  Reach  It.     By  J.  G.  Richardson,  Prot 
of  Hygiene,  University  of  Penna.  Cloth,  M 

RICHARDSON'8  Mechanical    Dentistry.    A  Practical    Treatise   on 
By  Joseph  Richardson,  d.d.s.    Fifth  Edition.    'I : 
With  569 Illustrations.     8vo.  Cloth,  £4.50;  I 

RIGBY'S  Obstetric  Memoranda.    4th  Ed.    By  Meadows.    32010.        Cloth,  .9* 

RICHTER8  Inorganic  Chemistry.    A  Text-book  for  Students.    By  1 
von    RJCHTEK,    University  of   Breslau.      Third 
Edition.      Authorized   Translation   by   Edgar   F.  Smith,  M.A., 
Chemistry.  University  of  Pennsylvania,  Member  of  the  Chi 
Berlin  and  Paris.    89  Illustrations  and  a  Colored  Plate.     i:mo. 
Organic  Chemistry.    A  Text-book  for  Students.    Translated  from  the 
(icrman  Ed.,  by  Prof.  Edgar  F.  Smith,     lllus.     New  Edition.  M  f 

ROBERTS.    Practice  of  Medicine.    The  Theory  and  Practice  of  Medici 
k.  Roberts,   m.d.,  Professor  of  Therapeutics  at  Unm 
London.    Eighth  Edition,  with  Illustrations.    8vo,      Cloth,  55.50;  Lc« 

ROBINSON.    Latin  Grammar  of  Pharmacy  and  Medicine.    By  0.  H 
PH.D.,  Professor  of  Latin  Language  and  Literature,  Univers 
lence.     With  an  Introduction  by  L.  E.  SAYH 
and  Dean  of  the  Dept.of  Pharmacy  .VJuvvttsWj  <A&kcvm&, 


MEDICAL  AND  SCIENTIFIC  PUBLICATIONS. 


SANDERSON'S  Physiological  Laboratory.    A  Handbook  of  the  Physiologi 
Laboratory.     Bong  Practical  Lvercises  for  Students  in  Physiology  and  Htstolog 
Ry  J.  Burdon  Sanderson,  m.d.,  E.  Klein,  m.d.,  Michael  Foster,  m.d.,  f.r 
and  T.  Lauder  Brunton.  m.d.     With  over  350  Illustrations  and  Appropri 
Letter-press  Explanations  and  References.     One  Volume.  Cloth,  $5 

SANSOM.  On  Chloroform.  Us  Action  and  Administration.  By  Arthur  Erni 
Sansom.  m.d.     Illustrated.     l2mo.  Paper,  75;  Cloth,  $1.2 

8CHNEE.     Diabetes,  its  Cause  and  Permanent  Cure.     From  the  standpoint  of  t 
penence  and  Scientific  Investigation.     By  Emil  Schnkk.  Consulting  Physici, 
at  Carlsbad.     Translated  from  the  German  by  R.  L.  Tafel,  A.M.,  PH.D.    Be 
vised  and  Enlarged  by  the  author.     Octavo.  Cloth,  $2, 

SEWELL.     Dental  Snrgery,  including  Special  Anatomy  and  Surgery,     By  Hen 
Sewell.  m.r.c.s..  L.D.S.,  President  Odontological  Society  of  Great  Britain. 
Edition,  greatly  enlarged,  with  about  200  Illustrations.  Cloth,  $3 

SMITH'S  Wasting  Diseases  of  Infants  and  Children.    By  Eustace  Smith,  m. 
f.r.C.p.,  Physician   to   the   East   London    Children's   Hospital.      Fifth    Londo 
Edition,  Enlarged.     8vo,  Cloth,  J3 

SMITH.     Abdominal  Surgery.     Being  a  Systematic  Description  of  all  the  Princ 
pal  Operations.     By  J,  GRBia  Smith,  m.a.,  f.r.s.e.,  Surg,  to  British  Royal  ] 
nnnary,     Illustrated.    Third  Edition.  Cloth,  $y 

SMITH.  Electro-Chemical  Analysis.  By  Edgar  F.  Smith,  Prof,  of  Analyti. 
Chemistry,  University  of  Penna.     26  Illustrations.     i2ino.  Cloth.  $1. 

STAMMER.  Chemical  Problems,  with  Explanations  and  Answers,  By  Ka 
Stammer.  Translated  from  the  2d  German  Edition,  by  Prof.  W.  S.  HO6KIKSO 
a.m.,  Wittenberg  College,  Springfield.  Ohio.     nmo.  Cloth 


t STARR.    The  Digestive  Organs  in  Childhood.    Second  Edition.    The  Dis 
of  the   Digestive  Organs  in   Infancy  and  Childhood.     With  Chapters   on 
Investigation  of  Disease  and  the  Management  of  Children.     By  Louis  Sta 
M.D..  late  Clinical  Prof,  of  Diseases  of  Children  in  the  Hospital  of  the  Universi 
of    Penn'a;    Physician   to  the   Children's    Hospital.    Phila.     Second    Editi 
Revised  and   Enlarged.     Illustrated  by  two  Colored    Lithograph   Plates 
numerous  wood-engravings.     Crown  Octavo.  Cloth,  52.2 


The  Hygiene  of  the  Nursery,  including  the  General  Regimen  and  Fee< 
ing  of  Infants  and  Children,  and  the  Domestic  Management  of  the  Ordinal 
Emergencies  of  Early  Life.  Second  Edition.  Enlarged.  24  Illustratio 
i2mo.     280  pages.  Cloth,  Ji 


See  also  Goodhart  and  Starr.    Page  10. 

8TEWART'S  Compend  of  Pharmacy.  Based  upon  "  Remington's  Text-Book 
Pharmacy."  By  F.  K.  Stewart,  m.d..  PH.G.,  Quiz  Master  in  Chem.andTheorct 
cal  Pharmacy,  Phila.  College  of  Pharmacy  ;  Demonstrator  and  Lect.  in  Pharma 
cology,  Medico-Chirurgical  College,  and  in  Woman's  Medical  College.  3d.  Ec 
With  complete  tables  of  Metric  and  English  Systems  of  Weights  and  Measu 
and  an  elaborate  Index,     t QutM-Compc-nd  t  Scries.  CWt^V- 

Interleaved  loi  v\vt  %&&Ytact.  <A  wfcKfc.V- 


P.  BLAKISTON,  SON  *-  CO/S 


STIRLING.    Outline*  of  Practical  Physiology.    Im 

mc!  I  ''ogy.  wi*h  Special  Reference  U 

lim  ii  .  Prof. of  Pnys.,  Owens  Colle 

r  in  Honors  School  of  Science,  Oxford,  England.     142  III 
309  pages. 
Outlines  of  Practical  Histology.    A  Manual  for  Students.    Wii 

trations.     i2mo. 

STOCKEN'S  Dental  Materia  Medica.    Dental  Materia  Med'ica  and  Th 
with  Pharmacopoeia.     Hy  Jav.  1  \.  d.d.s.     Third  Edition 

STRAHAN.    Extra-Uterine  Pregnancy.     The  Diagnosis  and  1 1 
Uterine  Ptcynancy.      Being  Ibc  Jcnkfi  Pri 
of  Philadelphia.     By  John  Strahan,  m  d,  (Univ.  of  Ireiai 
Belfast  Union  Infirmary  and  Fever  HoS] 

8UTTON'8  Volumetric  Analysis.    A  Systemati<    Handbook  ' 

unaiion  of  Chemical  Substances  by  Measure,  Applied  to  Liqi 
By    Francis   StnTON,  F.C.s.     Sixth   Edition,    Revised' 
with  Illustrations.     8vo. 

8TJTT0N,     Ligaments.    Their  Nature  and  Morphology.     By  John  I' 
F.K.c.s.,  Lecturer  on   Pathology*,  Royal  College  of  Surgeon- 
Dem.  of  Anatomy,  Middlesex  Hospital,  London.    Illustrated.    121 

SWAIN.    Surgical  Emergencies,  together  with   the  Emergencies  A> 
Parturition  and  the  Treatment  of  Poisoning.     A  Manual  for  the  Use  0 
Practitioners.     By  W.  1".  Swain,  P.r.c.s.     Fourth  Edition.     Illustrated.        4 

SWAIfZY.    Diseases  of  the  Eye  and  their  Treatment.    A  Han. 
it  Students,     tty   Henry   K.  Swanzv,  a.m.,   U 
the  National  Eye  anil  Ear  Infirmary  ;  Ophthalmic  Surgeon  to  tin 

fiial,   Dublin;    Examiner  in  Ophthalmic  Surgery  in  the   I 
reland.    Third  Edition.    Thoroughly  Revised.     15S  1 
umo, 

SWAYNES  Obstetric  Aphorisms,  for  the  Use  of  Students  commencm 
Practice.     By  Joseph  G.  Swayne,  m.d.     Ninth  Edition.       Illus. 

SYM0ND8.     Manual  of  Chemistry,  fur  the  special  use  of  Medical  Stu 
Hkanoketh    Symonds,   a.m.,   m.d,,   Asst.   Physician    Koosevell    I 
Patient  Department;  Attending  Physician  Northwestern  Dispensa 
i:mo.  Cloth,  $2.00;  Interleave*! 

TAFT'S  Operative  Dentistry.     A  Practical  Treatise  on  Operative   I 
Jonathan  Taft,  d.d.s.     Fourth   Revised  and  Enlarged  Editi«> 
lustrations.     8vo.  Cloth,  $4.25  ;  J 

Index  of  Dental  Periodical  Literature     8vo. 


TALBOT.     Irregularities  of  the  Teeth,  and  Their  Treatment.     1 
Talbot,  m.d.,  Professor  of  Dental   Surgery  Woman's    Medical 
Lecturer  on  Dental  Pathology  in  Rush  Medical  College,  Chicago. 
tion.  Revised  and   Enlarged  by  about   loo  pages.     Octavo.     234   Illu 
(169  of  which  are  original).    261  pages. 

TANNER'S  Memoranda  of  Poisons  and  their  Antidotes  and    : 

HaWKES  i  ANNER,  m.d.,  f.r.c.f.    Sixth  American,  from  the  Last  London  b' 
Revised  by  Henry  Leffmann,  m.d.,  Professor  ol  Chemisl 
College  of  Dental  Surgery  and  in  the  Philadelphia  Polyclinic 

TAYLOR.    Practice  of  Medicine.    A  Manual.     By  Frederick  ' 
Physician  to,  and  Lecturer  on  Medicine  at  Guy's  Hospital,  London      I 
Evelina  Hospital  for  Sick  Children,  and  Examiner  in  Materia  Mi 
maceutical  Chemistry,  University  of  London.  Cloil 

TEMPERATURE  Charts  for  Recording  Temperature.  Respirat 
Disease,  Date,  Age,  Sex,  Occ\ip&V\rm,\*a.me,«\r..  Put 


MEDICAL  AND  SCIENTIFIC  PUBLICA  TIONS. 


THOMPSON.  Lithotomy  and  Lithotrity.  Practical  Lithotomy  and  Lithotrity  ; 
an  Inquiry  into  the  best  Modes  of  Removing  Stone  from  the  Bladder.  l!y 
Henry  Thomi*so\',  f .k.>  itus  Professor  of  Clinical  Surgery  in  Univ 

sity  College.     Third  Edition.     With  87  Engravings,     8vo.  Cloth.  $3 

Urinary  Organs.    Diseases  of  the  Urinary  Organs.    Containing  32  Lectu 
jgbtn  London  Ed.    Octavo.     470  pages.  Cloth,  $3 

On  the  Prostate.     Diseases  of  the  Prostate.     Their  Pathology  and  Treatm 
ch  London  Edition.     8vo.     Illustrated.  Cloth,  $2. 

Calculous  Diseases,  The  Preventive  Treatment  of  Calculous  Disease,  a 
the  Use  of  Solvent  Remedies.     Third  Edition.        i6mo.  Cloth,  (1 

Surgery  of  the  Urinary  Organs.     Some  Important  Points  connected  with  the 
Surgery  of  the  Urinary  Organs.     Illus.  Paper,  .75 ;  Cloth,  $1.25 

THOEBTJEN.  Surgery  of  the  Spinal  Cord.    A  Contribution  to  the  stud] 

1  MAM  Thokhikn,  b.s.,  B.Sc.,  M.D.,  Lond.,  F.K.C.S.,  Eng.     With  lliustrario. 
ivo.  Cloth,  $4. 

THORNTON.  The  Surgery  of  the  Kidney.  By  John  Knowsley  Thoknt 
m.is.  Edin.     With  10  Illustrations.  Cloth,  £1. 

TIDY.     Modern  Chemistry,  Inorganic  and  Organic.    A  Handbook  for  the  Use 

Students.     By  Lisas,  NIevmott  Tidy,  f.r.c,  Prof,  of  Chemistry  and  Medii 

^prudence  and  Public  Health  at  London  Hospital ;  Medical  Officer  of  Heal 

lie  Analyst  of  the  Cit)  of  London.   8vo.     2d  Edition.  Cloth,  $5 

TILT'S  Change  of  Life  in  "Women,  in   Health  and  Disease.     A  Practical  Treati 

on  the  Diseases  incidental  to  Women  at  the  Decline  of  Life.     By  Edward  j<> 

1,  Kt.D.     Fourth  London  Edition.    8vo.  Paper  cover,  .75  ;  Cloth,  $1. 

TOMES'  Dental  Anatomy.    A  Manual  of  Dental  Anatomy,  Human  and  Compara 
uve.     1.,  -men,  D.D.S.     212  Illustrations.     3d  Ed.     i2mo.       Cloth,  $4. 

Dental  Surgery.  A  System  of  Dental  Surgery.  By  John  Tomes,  p.b 
Third  Edition,  Revised  and  Enlarged.  By  C.  S.  Tomes,  d.d.s,  W 
292  Illustrations.     i2mo.     772  pages.  Cloth,  $5. 

TRANSACTIONS  of  the  College  of  Physicians  of  Philadelphia.    Third  Safe 
Vols.  I.  II,  III.  IV.  V,  Cloth,  each,  $2.50.     VI,   Vll,  Cloth,  each,  $3,50. 
Vol  VIII,  1886,  Cloth.  $3.75.     Vol.  IX.  Cloth,  J2.50. 

TRANSACTIONS  American  8urg;ical  Association.  Illustrated.  Royal  8v 
Pnce  ol  Vol.  [.  11,  Hi,  IV,  V.  each,  Cloth,  $3.00.  Vol.  VI.  Cloth,  M-50-  Vi 
VII,  VIII.  each.  Cloth,  $3.00. 

TRANSACTIONS  of  the  Association  of  American  Physicians.  Vols.  I  and 
Cloth,  £2. 50 each;  Vol.  II I.  Cloth, #3.50.  Vol.  IV.  Cloth,  $3.00.  Vol.  V,  Cloth, $2. 

TREVES.  German-English  Medical  Dictionary.  By  Frederick  Treves,  p.r.c. 
assisted  by  Dr.  i  Iugo  Lang,  b.a„  (Munich).     1 2 mo.  %  Russian,  $5, 

TRIMBLE.    Practical  and  Analytical  Chemistry.     Being  a  complete  course 
icmical  Analysis.     By  Henri  Trimble,  ph.g.,  Professor  of  Analytical  Che 

istry  in   the   Philadelphia  Cullege    of   Pharmacy.     Third   Edition.     Enlarge* 
Illustrated.     8vo.  Cloth,  ft 

TXTRNBULL'S  Artificial  Anaesthesia.    The  Advantages  and  Accidents  of  Am 

cul  Aiuesthei  mployment  in  the  Treatment  of  Disease;  Modes  of  A< 

.ion;  Considering   their  Relative  Risks;  Tests  of  Purity;  Treatment 

«f  the  Glottis ;  Syncope,  etc    Bv  Laurence  Turnhull.  m. 

*h.  o..  Aural   Surgeon  to  Jefferson   College  Hospital,  etc.     Third  Edition,   F 

■d  and  Enlarged.     40  Illustrations.     i2mo.  i>.  $3- 

TUSON.    Veterinary  Pharmacopoeia.     Including  the  Outlines  of  Materia  Medi 
and  Therapeutics.     For   the  Use   of  Students  and  PracAiuowtx*  ov  N  tMexwos 
Medicine.     By  Richard  V.  Tuson,  f.c.s.    Third  Edvwm.     vitxvq.    Otf^, " 


M 


P.  BLAKISTON,  SON  oV  CO:S 


TYSON.    Bright!  Disease  and  Diabetes.    With  Especial  Reference  to  Patholafl 
and  Therapeutics.    By  James  Tyson,  m.d.,  Professor  of  Clinica: 
the  University  of  Pennsylvania.     Including  a  Section  on  Retinitis  in  Hr^wi 
Disease.     ByWii.  F.  NoRRtS,  m.d.,  Clin.  Prof,  of  Ophthalmoloj.'. 
Penna.    With  Colored  Plates  and  many  Wood  Engravings.     8vo.      Cloth,  $>> 

Guide  to  the  Examination  of  Urine.    Seventh  Edition,    For  the  X5m  i 

Physicians  and  Students,     With  Colored  Plates  and  Numerous  Illustriussj 

Engraved  on  Wood.  Seventh  Edition.  Revised.  iamo.  25$pages.  Clotb,ix.J 

Cell  Doctrine.     Its  History  and  Present  State.     With  a  Copious  Biblio^rapb 

of  the  subject     Illustrated.     Second  Edition.     8vo.  Cloth,  £4 

VALENTIN'S  ftnalitative  Analysis.    A  Course  of  Qualitative  Chemical  Analyst 
By  Wm.  G.  Valentin,  f.cs.  Seventh  Edition.  Illustrated.  Octavo.     Cloth,  ly* 

VAN  HARLINGEN  on  Skin  Diseases.    A  Practical  Manual  of  Diagnosis  xh 
Treatment.    By  Arthur  Van  Harlingkn,  m.d..  Professor  of  Diseases  of  4 
Skin  in  the  Philadelphia  Polyclinic;   Clinical  Lecturer  on  Derroatole. 
ferson  Medical  College.   Second  Edition.  Revised  and  Enlarged.  With  Formula 
Eight  Colored  and  other  full  page  plates,  and  New  Illustrations.  Cloth.  fif 

VAN  BUYS  on  The  TJrine.     Chemical  Analysis  of  Healthy  and  Disease 

Qualitative  and   Quantitative.      By  T.  C.  Van    NOys,  Professor  of  Chemistr] 
Indiana  University.     39  Illustrations.     Octavo.  Cloth,  fU* 

VTRCH0W8  Post-mortem  Examinations.    A  Description  and  Explanation  oito 

Method  of  Performing  them  in  the  Dead  House  of  the  Berlin  Cnarite  Hospital 

with  especial  reference  to  Medico-legal  Practice.     Bv  Prof.  Virchow.     Trara 

lated  by  Dr.  T.  P.  Smith.    Third  Edition,  with  Additions.  Ha,  iid 

Cellular  Pathology,  as  based  upon  Physiological  and  Pathological  Histology- 

20  Lectures  delivered  at  the  Pathological  Institute  of  Berlin.      TransliM 

from  the  2d  Ed.  by  F.  Chance,  m.d.    134  Illus.    8th  Am.  Ed.     Cloth,  Jaa 

WALSHAM.    Manual  of  Practical  Surgery.    For  Students  and  Physicians,    t 
WM.  J.  Walsham.  m.d.,  f.r.c.s.,  Asst.  Surg.  to.  and  Dem.  of  Practical  Surt.wi 
St.  Bartholomew's  Hospital.  Surg,  to  Metropolitan  Free  Hospital,  Lond< 
236  Engravings.     New  Series  0/  Manuals.  Cloth,  J3.00;  Leather,  |>SB 

WARING.     Practical  Therapeutics.     A  Manual  for  Physicians  and  Students.    Bj 
Edward  J.  Waring,  m.d.     Fourth  Edition.     Revised,  Rewritten  and  Rearranged 
by  DUDLEY  W.  BUXTON,  m.d..  Assistant  to  the  Professor  of  Medicine.  I 
College,  London.     Crown  Octavo.  Cloth,  $3.00;  Leather.  |>y 

WARREN.    Compend  Dental  Pathology  and  Dental  Medicine.    Containing  a- 
the  must   noteworthy   points  of   interest  to  the  Dental  student.     By   I 
Wakken,  d.d.s..  Clinical  Chief,  Penn'a  College  of  Dental  Surgery. 
Being  No,  fj  t  Quis- Compend rf  Series.     121110.  Cloth.  J  I. a 

Interleaved  for  the  addition  of  notes,  $1.2 

WATSON   on  Amputations  of   the   Extremities   and  Their  Complications.     B; 
B.  A.  Watson,  a.m.,  m.d.,  Surgeon  to  the  Jersey  City  Charity  Hospital  audit 
Christ's  Hospital,  Jersey  City,  N.  J. ;  Member  of  the  American  Surgical  Assoa 
ation.     250  Wood  Engravings  and  two  Full-page  Colored  Plates.        Cloth.  $S-9 
Concussions.     An  Experimental  Study  of  Lesions  arising  from  Severe  Con 
cu>sions.     8vo.  Paper  cover,  $M* 

WATTS'  Inorganic  Chemistry.     A  Manual  of  Chemistry,  Physical  and  Inorganic 

(Being  the  14th  Edition  of  Fowne's  Physical  and  Inorganic   Che* 

By  Henry  Watts,  b.a.,  p.r.s..  Editor  of  the  Journal  of  the  Chemical  Si 

Author  of  "A  Dictionary  of  Chemistry,"  etc.     With  Colored  Plate  of  Specie 

and  other  Illustrations.     i2mo.     595  pages.  Cloth.  |M| 

Organic    Chemistry.     Second   Edition.      By  Wm.  A.  Tilden,    d.Sc ..  k.k> 

(being  the  13th  Edition  of  Fowne's  Organic  Chemistry.)     Illustrated 

j. mho.  Cloth.  f2.: 


1EDICAL  ASH  SC/ENTi 


WHITE 


tie  Month  and  Teeth. 
1  Cosmos.     Illustrated. 


By  J. 


Tayl 


or, 


HALO?  THl 

to,  and  Lccturei 
Hospital  for  Sick 
istry,  at  the  Uni 

11  By  consulting 


WILLIAMS.    Pulmonary  Consumption, 
with  an  Analysis  of  looo  Cases  to  Exem 
By  C.  J.  B.  Williams,  m.d.    Second  F.d: 
do  re  Williams,  m.d.      With  IHup 

[LSON'S  Text-Book  of  Domestic  Hygiei ll 

trsonal  and  Domestic  Hygiene.     By  f^icgler,   Gowers,   M 
dth.     Edited  by  Jos.  G.  Richard:  %whom  I  must  express 
versfty  of  Pennsylvania,  modern  Mate  of  kno\ 

'ILSON.  Handbook  of  Hygiene  and  Saniti  of  theories,  finding  tAL 
Kdition,  Revised  and  Enlarged.    8vo.      ^  fill,  a  volume  such  a^T 

,SON.    The  Summer  and  Its  Diseases. 


it'Id   fr.st  by  the  begi 

tat  also  fur  the  rigl 

54  $rief  statement,  then 

It  is  an  entirely  ori 


TCKEL.      Diseases   of   Women. 

of    the    Hladder   and    Urethra.      | 
Gynaecology,  and  Director  of  the  Royal  I  I 

slated  bv  special  authority  of  Autho/  who  knows  and  understai  * 
of    and    with    an    Introduction    by.    Till  pf  the  suenceand  art  of  i 

Letrics  and   Diseases  of   Women  at  almost  "d  apenurarr..     . 
lege.  Philadelphia.     With  150  Engraving lo  ™*  knowledge  of  the  £ 
2d r Edition.  Revised  and  Enlarged-       Cl**  £«  UiC  ol  «»1'«»«* 
Text-Book  of  Obstetrics;  Including  ., \Ve  have  notC{]  Jf~ 

Puerperal  State.     Authorized  TransI;  rcmarl:s  which  Dr.  1 

net  Professor  to  the  Chair  of  Obs  j„rnl  mUbt  havebern  the  k.    } 
fry  of  New  York.     With  nearly  200  the  first  and  the  chief  en 
are  original  with  this  work.     Octavo;  Second  place,  the  student  ti 

W0AKE8.    Poat-Kasal  Catarrh  ?"d  DisJfej^Sr^ 

WOLFF.    Manual  of  Applied  Medical  Chei  v^-  Dr  i 

rine.     Bv   Lawklnlk  Wolff,  M-d.,""/10 
rtedical  CoUege.  Philadelphia. 

WOOD     Brain  Work  and  Overwork.  hyre- 

l  >iseases,  University  of  Penn  '       "  Dr.  Taylor  ba.s  ei\^ 

OODY.    Essentials  of  Chemistry  and  U  D,ht.r  1]ali.  .  of  t 

M.D..  Professor  of  Chemistry  and    Pubh^reaniI(.IlUftii  0,  t\"v  ,Umoa 

^es  of  Children,  in  the   Kentuck)  ^,cj,,al  advance.    Tb  ■ 
Illustrated.      I2IT10.  I         "  \\  <•  have  already  q 

YNTER  and  WETHERED.    Clinical  •t£££*le 
of  Clinical  and  Pra-  tical Pathology.    By    j,^  Jan^.  1  '  ** 

md  late   Dem.   of  Ann.   and   Chr      ,;Tlia;4i;t 
Frank  T.Wethered,  m.d.,  Asst.  Ph  the  tubtle  and  obsci 

best.     4  Colored  Mates  and  67  ot  j,^  aclcd  weu      \\,.  ^nil. 

WYTHE.    Dose  and  Symptom  Boot   The  ;; 

ok.     Containing  theDoses  and   l^   .  ,,„ 
Materia  Medica.  and  Officinal  PreparatK 

17th  Edition,  Revised  and  Rewritter,  ,  u  in  inilnnr      HiV** 

Cloth,  51.00:  i*"*B,* 

JO'S  Manual  of  Physiology.    Fifth  Ed  **£• 

',,,.,    .,       J       L-   v»->     **  r>   w  „  ."espm  and  lair  exAUiinati  JJ« 
me.     Bv  Gerald  r  .  Yeo..  m.d.  f.h  ( 

e.  London,      tiflh   Lditioii »;    r«  mc^>  u  Uah| 

521    Wood    Engrav  ngs  and    a  Glossary  jnd  facU  oJ 

Strut  of  Manuals,  .^v.  ^ 

\\veNi\KA*,'**  \X 


student  o 


ACTICE  OF  MEDICINE. 

** jctice  of  Medicine.  ,  i8oo. 

>     o  •  t) 

TYSON  e  practice  of  medicine.     By  Frederick  Taytor,  m.  d.,  Physician 

'^^  on  Medicine  at,  Guy's  Hospital,  London  ;  Physician  to  the  Evelina 
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the  most  recent  works,  especially  those  of  Fagge,  Strtlmpell,  Payne, 

.   Mackenzie,  Douglas   Powell,  Ralfe,  H.   Morris  and    Crocker,  to 

Q>  my  indebtedness,  1  have  sought  to  bring  this  book  fully  up  to  the 

vledge.     I  have  not,  however,  devoted  much  space  to  the  discussion 

__Jiat  the  facts  of  medicine  are  amply  sufficient  to  fill,  and  more  tlian 

II  -     ln's*  an(*  being  convinced  that  these  facts  require  to  be  seized  and 
y  nners  in  medicine,  not  only  for  the  sake  of  diagnosis  and  treatment, 

VAN   lu  estimation  of  the  various  theories  which  are  advanced.     With  a 

J,r9)fore,  of  such  views  I  have  in  most  cases  been  content." 
Skif 

fersginal  work,  by  one  accustomed  to  teach  his  subject  both  didactically  and  clinically, 
Eigids  how  to  piesent  to  the  reader  Loth  the  essential  elements  and  the  end! 

-jiedicine.     How  well  Dr.  Frederick  Taylor  has  performed  his  task,  may  be  learned 
V  ATi   A  (     t    The  author  has  taken  great  pains  to  embody  in  ibis  work  the  latest  advances 
V^ature  and  treatment  of  disease.     We  find,  for  ciample,  accounts  of  actioona 
*n"n,  and  even  of  the  epidemic  of  Russian  influenza  which  swept  over  Europe  last 

YIR.CH 

j^jc,th  panicular  care,  and  we  will  say  with  particular  approval,  the  extremely  m 

„;.*■  has  given  us  under  the  head  of  treatment.     In  some  respects  the  sections  on  treat - 

.  .  most  dirficult  part  to  write  of  a  short  treati-eon  the  practiceof  medicine.    Manifestly 

d  to  1*  attained,  is  the  inculcation  of  sound  therapeutical  principles.     But  in  the 

Cs  and  young  practitioner  must  have  something  cuncrete  supplied  to  them,  in  the 

tl-cy  can  refer,  when  they  are  either  following  the  practice  of  their  teachers  or  find 

ith  patients  of  their  own.     Dr.  Taylor  has  succeeded  admirably  in  fulfilling  both 

WALS "ay  D(>rrow  what  is  itself  a  therapeutical  phrase." — The  Practitioner^  London,  Sep- 

r    OT  further  says,  in  speaking  of  capillary  bronchitis,  mnst  be  given  with  the  greatest 
\-:d,  for  (he  reasons  given.      In  referring  to  the  treatment  of  chronic  bronchi 
*    'g  other  good  agents,  turpentine,  copaiba,  and  the  more  modern  drug — terehene. 
WART'    '     bond  to  abound  in  very  many  such  practical  observations,  making  the  manual 
y  i.-.ician  ."-  Bfedkal  BrnMSedrt,  Fbil.uiclphia,  January,  1891. 

,       en  us  a  very  valuable  work.     We  ore  pleased  to  miss  the  long  and  interminable 
-J  rind  pathological  anatomy,  these  .subjects  being  clearly  and  briefly  stated.     <--n  the 
lie  Iwok  are  mostly  taken  up  with  the  subjects  of  symptoms,  diagu  OSb  and 

WARE1  inH"jrt*nctf'  m  actual  practice.      1  be  work  is  up  to  date  in  all  t-»t  ntial  1  i 

.1  .,  e.ne  of  the  books  to  buy  for  this  season." — Aft  dical  11  or/d,  Phila.,  1  ►cceraber, 
^iryolten  in  warm  praise  of  the  Look,  and  have  only  to  add  that  it  is  just  the  on< 
P    who  withe*  to  trad  up  a  subject  while  he  is  listening  to  lectures  on  pi 

'ithout  being  full  enough  to  confuse." — Medical  and  Surgical  Repoftcr^  Philadel- 

WATStn  a  onp  *-s  may  ^ea*'  ''■**  s,ll^''nI  ,fl  regard  the  mastery  of  medical  science  as  an  easy 
]3,  e  points  having  been  pluced  In  the  background.    It  seems  to  us  that  in  this  the  author 
(jnv  of  no  work  tut,  while  being  satisfactorily  full,  addresses  itself  more  n 
atj(this.     When  this  is  mastered,  the  student  will  feel  encouraged  for  greater  usks. 
I^ned  and  having  his  ardor  disappointed  at  the  very  threshold  ol  his      > 
V  Xtws,  January  3d,  1891. 

formed,  this  is  the  first  instance  in  which   Di.  Taylor  has  come  l-efore  the 
WATT  tlpotalion  as  a  teacher  and  practitioner  has,  for  some  time, 
,  ajdidates  for  degrees,  and  many  now  in  the  ranks  ol  th< 
tiyd  his  efficiency  in  his  practice.    His  literary  effort  new  just  1 
.*  «i  on  account  of  the  author's  record  and  position,  irrespective  of  its  intrinsic  wonh. 
rinced,  has  merits  that  will  gain  for  it  recognition,  even  if  its  author  were  unki 

aHi.il 1.      ,1... ml _/ 1£_! £ Ll_l_     ,1 I      _Jl..:>..     l__. I ■ 


^Ibook  on  the  practice  of  medicine,  from  which  theory  and  superfluity  have  l>eeii 
tactical  utility  alone  recognized." — Pacific  Medical  J<mrnal%  San  Frai 

link  it  would  be  difficult  to  find  ancAUCT  w<«V  mi  ^*  samt  »&\ec\,^\*V?cv  ^  • 
infj»uiiorj.      Dr.  Taylor's  sty\e  ot  venting  voo,»  c\«m  mA  ^^\i,*vA^  VA 
ad  and  appreciated:*— The  Dublin  Journal  „f  Mcdual  So 
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Z  Preface. — "  Modern  Surgery  has  advanced  with  such  rapid  strides,  and  in  so  many 
it  is  almost  impossible  within  the  space  of  a  single  volume  to  give  more  than  an 
iciples.  I  have  therefore  touched  but  lightly  upon  controversial  matters,  and  have 
lx»k  a  practical  one,  in  the  hope  that  it  may  be  of  greater  service  to  students  and 
t'ith  this  object,  I  have  given  special  attention  to  the  question  of  Treatment ;  and  I 
head  of  each  organ  a  brief  description  of  the  malformations  to  which  it  is  liable,  and 
it  may  be  performed  under  it,  instead  of  relegating  them  to  chapters  by  themselves. 
»f  Surgical  Diseases  is  dealt  with  in  Part  I ;  that  of  Injuries  in  rat  II.  In  Part  III, 
;  of  Special  Structures  and  Organs  are  considered  more  fully.  Throughout,  I  have 
e  idea  that  the  chief  aim  and.  object  of  Surgery  at  the  present  day  is,  to  assist  the 
vay  in  their  struggle  against  disease. 

d  illustrations,  nearly  two  hundred  were  (with  four  exceptions')  drawn  from  original 
,  I>r.  J.  A.  Manseil  Moulin  (to  whom  I  am  also  indebted  for  the  article  on  Diseases 
1  <  >r^ans),  or  myself. 

my  thanks  lo  Mr.  J.  Hutchinson,  junior,  for  his  chapters  on  Diseases  of  the  Skin  and 
ovell,  for  that  on  Diseases  of  the  Ear  and  Larynx ;  and  to  Mr.  F.  S.  Eve,  for  that 
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XXIV.    Injuries  and  Diseases  of  the  Male  Organs. 
XXV.    Diseases  of  the  Female  Generative  Organs, 
XXVI.    Diseases  of  the  Breast. 
XXVII.    Amputations. 
XXVUI-    Anaesthetics. 


XVII. 

XVIII. 

XIX. 

XX. 

XXI. 

XXII. 

XXIII. 


,MPLE  PAGES  SENT  FREE  UPON  APPLICATION. 
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